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IN THE UNITED STATES DESIGNATED/ELECTED OFFICE 



Intemational Application No. 



PCT/EP99/09919 



Intemational Filing Date 



14 DECEMBER 1999 



Priority Date(s) Claimed 



22 DECEMBER 1998 



Applicant(s) (DO/EO/US) 



HECKMEIER, Michael, et al. 



Title: LIQUID-CRYSTALLE^rE MEDIUM 



PRELIMINARY AMENDMENT 



Commissioner for Patents 
Washington, D.C. 20231 

SIR: 

Prior to calculating the national fee, and prior to examination in the National Phase of 
the above-identified Intemational application, please amend as follows: 
IN THE CLAIMS : 

4. (Amended) Medium according to Claim 1, characterized in that the 
proportion of compounds of the formula I in the mixture as a whole is from 5 to 50% by 
weight. 

5. (Amended) Medium according to Claim 2, characterized in that the 
proportion of compounds of the formulae n to Vm in the mixture as a whole is from 20 to 
80% by weight. 

7. (Amended) Medium according to Claim 2, characterized in that is F or 
OCF3, and is H or F. 

8. (Amended) Medium according to Claim 1, characterized in that, in the 
compound of the formula I, Y is OCF3 or CF3. 
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in which R is as defined in Claim 1 
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REMARKS 



The purpose of this Prehminary Amendment is to ehminate multiple dependent 
claims in order to avoid the additional fee. Applicants reserve the right to reintroduce claims 
to canceled combined subject matter. 



Respectfully submitted. 




Anthony J. Zelano, Reg. No. 27,969 
Attorney for Applicants 

MILLEN, WHITE, ZELANO & BRANIGAN, P.C. 
Arlington Courthouse Plaza 1 
2200 Clarendon Boulevard, Suite 1400 
Arlington, VA 22201 
Direct Dial: 703-812-5311 
Facsimile: 703-243-6410 
AJZ:jmm Email: zelano@mwzb.com 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 
Claims 4-5 and 7-9 have been amended as follows: 

4. (Amended) Medium according to Claim l-or2, characterized in that the 
proportion of compounds of the formula I in the mixture as a whole is from 5 to 50% by 
weight. 

5. (Amended) Medium according to at least one of Claims 2-to-3-, characterized 
in that the proportion of compounds of the formulae n to VIE in the mixture as a whole is 
from 20 to 80% by weight. 

7. (Amended) Medium according to Claim 2 or Claim 6 , characterized in that X** 
is F or OCF3, and is H or F. 

8. (Amended) Medium according to orte-crf Claims characterized in that, 
in the compound of the formula I, Y is OCF3 or CF3. 

9. (Amended) Medium according to onc-ofClaims l-to-S, characterized in that 
the compound of the formula I is selected from the group consisting of the compounds la to 
hi: 
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in which R is as defined in Claim 1 . 



531Rec'dPCT/r: 21JUN200t 



APPLICATION DATA SHEET 



APPLICATION INFORMATION 

Application Type: : 
Subject Matter: : 
CD-ROM or CD-R? : : 
Title : : 

Attorney Docket Number : : 

INVENTOR INFORMATION 

Inventor Authority Type : : 

Primary Citizenship Country:: 

Status: : 

Given Name : : 

Family Name : : 

City of Residence:: 

Country of Residence:: 

Street : : 

City: : 

Country: : 

Postal or Zip Code: : 

Inventor Authority Type : : 

Primary Citizenship Country:: 

Status : : 

Given Name : : 

Family Name: : 

City of Residence:: 

Country of Residence:: 

Street : : 

City: : 

Country: : 

Postal or Zip Code: : 

Inventor Authority Type:: 

Primary Citizenship Country:: 

Status : : 

Given Name : : 

Fami ly Name : : 

City of Residence:: 

Country of Residence:: 

Street: : 

City: : 

Country: : 

Postal or Zip Code: : 



REGULAR 
UTILITY 
NONE 

LIQUID-CRYSTALLINE MEDIUM 
MERCK 2268 



INVENTOR 

Germany 

FULL CAPACITY 

Michael 

HECKMEIER 

Bensheim 

Germany 

Bahnhof strasse 14 
Bensheim 
Germany 
D-64625 

INVENTOR 

Germany 

FULL CAPACITY 

Brigitte 

SCHULER 

Haibach 

Germany 

Blumenstrasse 13 
Haibach 
Germany 
D-63808 

INVENTOR 
JAPAN 

FULL CAPACITY 

Kazuaki 

T ARUM I 

Seeheim 

Germany 

Fliederweg 29 

Seeheim 

Germany 

D-64342 



Page 1 



initial 06/21/01 



0^/868866 
5S1fe\i;-C-''" 31 JUN2001 



Inventor Authority Type : : 

Primary Citizenship Country: : 

Status : : 

Given Name : : 

Family Name : : 

City of Residence: : 

Country of Residence : : 

Street : : 

City: : 

Country: : 

Postal or Zip Code:: 

Inventor Authority Type:: 

Primary Citizenship Country: : 

Status : : 

Given Name : : 

Family Name : : 

City of Residence:: 

Country of Residence:: 

Street : : 

City: : 

Country: : 

Postal or Zip Code:: 

CORRESPONDENCE INFORMATION 
Correspondence Customer Number: 

REPRESENTATIVE INFORMATION 
Representative Customer Number: 

FOREIGN PRIORITY INFORMATION 
Country: : 

Application Number:: 
Filing Date : : 

Country: : 

Application Number: : 
Filing Date : : 

ASSIGNMENT INFORMATION 

Assignee Name:: 
Street : : 
City: : 
Country: : 

Postal or Zip Code : : 



INVENTOR 

Germany 

FULL CAPACITY 

Peer 

KIRSCH 

Darmstadt 

Germany 

Wilhelm-Leuschner-Strasse 25 

Darmstadt 

Germany 

D-64293 

INVENTOR 

Germany 

FULL CAPACITY 

Volker 

REIFFENRATH 

Rossdorf 

Germany 

Jahnstrasse 18 

Rossdorf 

Germany 

D-64380 



23599 



23599 



PCT 

PCT/EP99/09919 
12/14/99 

GERMANY 

198 59 421.6 

12/22/98 



MERCK PATENT GmbH 

Frankfurter Strasse 250 

Darmstadt 

Germany 

D-64625 



Page 2 



Initial 06/21/01 



09/868866 
531Rec'dPr— 2l,iiiN7n01 



Liquid- crystalline medium 

The present invention relates to a liquid-crystalline 
medium, and to the use thereof for electro-optical 
5 purposes, and to displays containing this medium. 

Liquid-crystals are used principally as dielectrics in 
display devices, since the optical properties of such 
substances can be modified by an applied voltage. 

10 Electro-optical devices based on liquid crystals are 
extremely well known to the person skilled in the art 
and can be based on various effects. Examples of such 
devices are cells having dynamic scattering, DAP 
(deformation of aligned phases) cells, guest/host 

15 cells, TN cells having a twisted nematic structure, STN 
(supertwisted nematic) cells, SBE ( superbiref ringence 
effect) cells and OMI (optical mode interference) 
cells. The commonest display devices are based on the 
Schadt -Helf rich effect and have a twisted nematic 

2 0 structure. 

The liquid-crystal materials must have good chemical 
and thermal stability and good stability to electric 
fields and electromagnetic radiation. Furthermore, the 

2 5 liquid-crystal materials should have low viscosity and 

produce short addressing times, low threshold voltages 
and high contrast in the cells. 

They should furthermore have a suitable mesophase, for 

3 0 example a nematic or cholesteric mesophase for the 

abovementioned cells, in the usual operating 
temperatures, i.e. in the broadest possible range above 
and below room temperature. Since liquid crystals are 
generally used as mixtures of a plurality of 
3 5 components, it is important that the components are 
readily raiscible with one another. Further properties, 
such as the electrical conductivity, the dielectric 
anisotropy and the optical anisotropy, must satisfy 
various requirements depending on the cell type and 



area of application. For example, materials for cells 
having a twisted nematic structure should have positive 
dielectric anisotropy and low electrical conductivity. 



5 For example, media having large positive dielectric 
anisotropy, broad nematic phases, relatively low bire- 
fringence, very high specific resistance, good UV and 
temperature stability and low vapour pressure are 
desired for matrix liquid-crystal displays containing 
10 integrated non-linear elements for switching individual 
pixels (MLC displays) . 

Matrix liquid-crystal displays of this type are known. 
Non-linear elements which can be used for individual 
15 switching of the individual pixels are, for example, 
active elements (i.e. transistors). Reference is then 
made to an "active matrix", where a distinction can be 
made between two types : 

20 1. MOS (metal oxide semiconductor) or other diodes on 
a silicon wafer as substrate. 

2. Thin-film transistors (TFTs) on a glass plate as 
substrate . 

25 

The use of monocrystalline silicon as substrate 
material restricts the display size, since even modular 
assembly of various part -displays results in problems 
at the joints. 

30 

In the case of more -promising type 2, which is prefer- 
red, the electro-optical effect used is usually the TN 
effect. A distinction is made between two technologies: 
TFTs comprising compound semiconductors, such as, for 
3 5 example, CdSe or TFTs based on polycrystalline or amor- 
phous silicon. The latter technology is being worked on 
intensively worldwide. 
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The TFT matrix is applied to the inside of one . glass 
plate of the display, while the other glass plate 
carries the transparent counterelectrode on its inside. 
In contrast to the size of the pixel electrode, the TFT 
5 is very small and has virtually no interfering effect 
on the image. This technology can also be expanded to 
fully colour-compatible displays, in which a mosaic of 
red, green and blue filters is arranged in such a way 
that a filter element is opposite each switchable 
10 pixel. 

The TFT displays usually operate as TN cells with 
crossed polarizers in transmission and are illuminated 
from the back. 

15 

The term MLC displays here covers any matrix display 
containing integrated non-linear elements, i.e., 
besides the active matrix, also displays containing 
passive elements, such as varistors or diodes 
20 (MIM = metal-insulator-metal) . 

MLC displays of this type are particularly suitable for 
TV applications (for example pocket TVs) or for high- 
information displays for computer applications 

25 (laptops) and in automobile or aircraft construction. 
Besides problems regarding the angle dependence of the 
contrast and the response times, difficulties also 
arise in MLC displays due to the insufficiently high 
specific resistance of the liquid-crystal mixtures 

3 0 [TOGASHI, S., SEKIGUCHI , K. , TANABE , H., YAMAMOTO, E., 
SORIMACHI, K., TAJIMA, E., WATANABE, H., SCHIMIZU, H., 
Proc. Eurodisplay 84, Sept. 1984: A 210-288 Matrix LCD 
Controlled by Double Stage Diode Rings, p. 141 ff, 
Paris; STROMER, M., Proc. Eurodisplay 84, Sept. 1984: 

35 Design of Thin Film Transistors for Matrix Addressing 
of Television Liquid Crystal Displays, p. 145 ff, 
Paris] . With decreasing resistance, the contrast of a 
MLC display worsens, and the problem of after-image 
elimination can occur. Since the specific resistance of 



the liquid- crystal mixture generally drops over the 
life of an MLC display owing to interaction with the 
interior surfaces of the display, a high (initial) 
resistance is very important in order to obtain accept - 
5 able service lives. In particular in the case of low- 
volt mixtures, it was hitherto impossible to achieve 
very high specific resistance values. It is furthermore 
important that the specific resistance exhibits the 
smallest possible increase with increasing temperature 

10 and after heating and/or UV exposure. The low- 
temperature properties of the mixtures of the prior art 
are also particularly disadvantageous. The demands are 
that no crystallization and/or smectic phases occur, 
even at low temperatures, and the temperature depen- 

15 dence of the viscosity is as low as possible. The MLC 
displays from the prior art thus do not meet today's 
requirements. 

Besides liquid-crystal displays which use back 

2 0 illumination, i.e. are operative transmissively and 

optionally transf lect ively , there is also particular 
interest in reflective liquid-crystal displays. These 
reflective liquid-crystal displays use the ambient 
light for information display. They thus consume 
25 significantly less energy than back- illuminated liquid- 
crystal displays of corresponding size and resolution. 
Since the TN effect is characterized by very good 
contrast, reflective displays of this type are readily 
legible even under bright ambient conditions. This is 

3 0 already known of simple reflective TN displays, as 

used, for example, in wristwatches and pocket calcula- 
tors. However, the principle can also be applied to 
high-quality, higher-resolution active matrix-addressed 
displays, such as, for example, TFT displays. Here, as 
35 is already the case in the generally conventional 
transmissive TFT-TN displays, the use of liquid 
crystals of low birefringence (An) is necessary in 
order to achieve low optical retardation (d • An) . This 
low optical retardation results in a low viewing-angle 
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dependence of the contrast, which is usually acceptable 
(cf. DE 30 22 818). In reflective displays, the use of 
liquid crystals of low birefringence is much more 
important than in transmissive displays, since in 
5 reflective displays, the effective layer thickness, 
through which the light passes, is approximately twice 
as large as in transmissive displays of the same layer 
thickness . 

10 Besides the lower power consumption (no back- 
illumination necessary) , other advantages of reflective 
displays over transmissive displays are the space 
saving, which results in a very low installation depth, 
and the reduction in problems caused by temperature 

15 gradients due to various heating by the back- 
illumination. 

There thus continues to be a great demand for MLC 
displays having very high specific resistance at the 
2 0 same time as a large working- temperature range, short 
response times even at low temperatures and low 
threshold voltage which do not have these 
disadvantages, or only do so to a reduced extent. 

25 In TN (Schadt-Helfrich) cells, media are desired which 
facilitate the following advantages in the cells: 

expanded nematic phase range (in particular down 
to low temperatures) 

30 

switching at extremely low temperatures (outdoor 
use, automobile, avionics) 

increased resistance to UV radiation (longer life) 

35 

lower threshold (addressing) voltage 

low birefringence, especially for improved 
viewing-angle range. 
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The media available from the prior art do not , allow 
these advantages to be achieved while simultaneously 
achieving the other parameters . 

5 In the case of supertwisted (STN) cells, media are 
desired which enable greater multiplexability and/or 
lower threshold voltages and/or broader nematic phase 
ranges (in particular at low temperatures) . To this 
end, a further increase in the available parameter 
10 latitude (clearing point, smectic-nemat ic transition or 
melting point, viscosity, dielectric parameters, 
elastic parameters) is urgently desired. 

The invention has the object of providing media for 
15 these MLC, TN or STN displays, in particular for 
reflective MLC displays, which do not have the 
abovementioned disadvantages or only do so to a reduced 
extent, and preferably simultaneously have very high 
specific resistance values and low threshold voltages 
2 0 and low birefringence values. 

It has now been found that this object can be achieved 
if media according to the invention are used in 
displays . 

25 

The invention thus relates to a liquid-crystalline 
medium based on a mixture of polar compounds of 
positive dielectric anisotropy, characterized in that 
it comprises one or more compounds of general formula I 

30 




in which 



35 R is H, an alkyl or alkenyl radical having 1 to 

15 carbon atoms which is unsubstituted. 



monosubstituted by CN or CF3 or at . least 
monosubstituted by halogen, where one or more 
CH2 groups in these radicals may also, in each 
case independently of one another, be 
replaced by -0-, -S-, -CO-, -C0-0-, 

-0-CO- or -0-CO-O- in such a way that 0 atoms 
are not linked directly to one another, 

— is ^ trans-l,4-cyclohexylene ring, in which, 

in addition, one or two CH2 groups may be 
replaced by -0- and/or -S-, or a 
cyclohexenylene ring, 

Y is halogenated alkyl , halogenated alkenyl, 

halogenated alkoxy or halogenated alkenyloxy 
having up to 6 carbon atoms, 

Z is -CH2O-, -OCH2-, -CH2CH2-, -CH=CH-, -CF2O-, 

-OCF2-, -COO-, -C2F4- or a single bond, and 



n is 1 or 2 . 

The compounds of the formula I have a broad range of 
applications. Depending on the choice of substituents , 
these compounds can serve as base materials of which 
liquid-crystalline media are predominantly composed; 
however, it is also possible to add compounds of the 
formula I to liquid-crystalline base materials from 
other classes of compound in order, for example, to 
modify the dielectric and/or, in particular, the 
optical anisotropy of a dielectric of this type and/or 
to optimize its threshold voltage and/or its viscosity. 

In the pure state, the compounds of the formula I are 
colourless and form liquid-crystalline mesophases in a 
temperature range which is favourably located for 
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electro-optical use. They are stable chemically, 
thermally and to light. 

In the media according to the invention comprising 
5 compounds of the formula I, Y is preferably OCF3 , OCHF2, 
CF3, CHFCF3, CF2CHF2, CF2CI, OCF2CI, C2H4CHF2, CF2CHFCF3, 

CF2CH2CF3, CHF2, OCH2CHF3, OCH2CHF2, OCF2CHF2, 0(CH2)3CF3, 

OCH2C2F5, OCH2CF2CHF2, OCH2C3F7, OCHFCF3, OC2F5, OCF2CHFCF3,. 
0CH=CF2, 0CF=CF2, 0CF=CFCF3, 0CF=CF-C2F5, CH=CHF, CH^CFa, 
10 CF=CF2, CF2OCF3, in particular OCF3 and CF3 . 

Particular preference is given to compounds of the 
formula I in which ring A is a trans- 1 , 4 -cyclohexane 
ring or a dioxane ring. 

15 

If R is an alkyl radical and/or an alkoxy radical, this 
can be straight-chain or branched. It is preferably 
straight -chain, has 2, 3, 4, 5, 6 or 7 carbon atoms and 
accordingly is preferably ethyl, propyl, butyl, pentyl , 
20 hexyl, heptyl , ethoxy, propoxy, butoxy, pentoxy, hexoxy 
or heptoxy, furthermore methyl, octyl , nonyl , decyl, 
undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, 
methoxy, octoxy, nonoxy, decoxy, undecoxy, dodecoxy, 
tridecoxy or tetradecoxy. 

25 

Oxaalkyl is preferably straight -chain 2-oxapropyl 
(= methoxymethyl) , 2- (= ethoxymethyl) or 3-oxabutyl 
{= 2-methoxyethyl) , 2-, 3- or 4-oxapentyl, 2-, 3-, 4- 

or 5-oxahexyl, 2-, 3-, 4-, 5- or 6-oxaheptyl, 2-, 3-, 
30 4-, 5-, 6- or 7-oxaoctyl, 2-, 3-, 4-, 5-, 6-, 7- or 

8- oxanonyl, or 2-, 3-, 4-, 5-, 6-, 7-, 8- or 

9- oxadecyl. 

If R is an alkyl radical in which one CH2 group has been 
35 replaced by -CH=CH-, this can be straight-chain or 
branched. It is preferably straight-chain and has 2 to 
10 carbon atoms. Accordingly, it is in particular 
vinyl, prop-1- or -2-enyl, but-1-, -2- or -3-enyl, 
pent-1-, -2-, -3- or -4-enyl, hex-1-, -2-, -3-, -4- or 
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-5-enyl, hept-1-, -2-, -3-, -4-, -5- or -S-enyl, 
oct-1-, -2-, -3-, -4-, -5-, -6- or -7-enyl, non-1-, 
-2- -3-, -4-, -5-, -6-, -7- or -8-enyl, dec-1-, -2-, 
_3_^ -4-, -5-, -6-, -7-, -8- or -9-enyl. 

5 

If R is an alkyl radical in which one CH2 group has been 
replaced by -O- and one has been replaced by -CO-, 
these are preferably adjacent. These thus contain an 
acyloxy group -CO-0- or an oxycarbonyl group -0-CO- . 
10 These are preferably straight -chain and have 2 to 6 
carbon atoms . 



They are accordingly in particular acetoxy, propionyl- 
oxy, butyryloxy, pentanoyloxy , hexanoyloxy, acetoxy- 

15 methyl, propionyloxymethyl , butyryloxymethyl , pen- 
tanoyloxymethyl , 2 -acetoxyethyl , 2 -propionyloxyethyl , 
2-butyryloxyethyl, 3 -acetoxypropyl , 3 -propionyloxy- 
propyl, 4-acetoxybutyl , methoxycarbonyl , ethoxy- 
carbonyl, propoxycarbonyl , butoxycarbonyl , pentoxy- 

20 carbonyl, methoxycarbonylmethyl , ethoxycarbonylmethyl , 
propoxycarbonylmethyl , butoxycarbonylmethyl , 2 - (meth- 
oxycarbonyl ) ethyl , 2- (ethoxycarbonyl) ethyl, 2- (propoxy- 
carbonyl ) ethyl , 3- (methoxycarbonyl) propyl, 3- (ethoxy- 
carbonyl ) propyl or 4- (methoxycarbonyl) butyl . 

25 

If R is an alkyl radical in which one CH2 group has been 
replaced by unsubst ituted or substituted -CH=CH- and an 
adjacent CH2 group has been replaced by CO or CO-0 or 
0-CO, this can be straight -chain or branched. It is 

30 preferably straight-chain and has 4 to 13 carbon atoms. 
Accordingly, it is in particular acryloyloxymethyl , 
2 -acryloyloxyethyl , 3 -acryloyloxypropyl , 

4-acryloyloxybutyl 5-acryloyloxypentyl , 6-acryloyloxy- 
hexyl, 7-acryloyloxyheptyl, 8-acryloyloxyoctyl , 

3 5 9-acryloyloxynonyl, 1 0 - acryloyloxydecyl , methacryloyl - 
oxymethyl, 2 -methacryloyloxyethyl , 3 -methacryloyl - 
oxypropyl , 4 -methacryloyloxybutyl , 5 -methacryloyloxy- 
pentyl, 6-methacryloyloxyhexyl 7 -methacryloyloxyheptyl , 
8-methacryloyloxyoctyl or 9-methacryloyloxynonyl . 



If R is an alkyl or alkenyl radical which is mono- 
substituted by CN or CF3, this radical is preferably 
straight-chain. The substitution by CN or CF3 is in any 
desired position. 

If R is an at least mono-halogen-substituted alkyl or 
alkenyl radical, this radical is preferably straight- 
chain and halogen is preferably F or Cl . In the case of 
multiple substitution, halogen is preferably F. The 
resultant radicals also include perf luorinated radi- 
cals. In the case of monosubst itut ion, the fluorine or 
chlorine substituent can be in any desired position, 
but is preferably in the co-position. 

Compounds of the formula I which contain wing groups R 
which are suitable for polymerization reactions are 
suitable for the preparation of the liquid-crystalline 
polymers . 

Compounds of the formula I containing branched wing 
groups R may occasionally be of importance owing to 
better solubility in the conventional liquid- 
crystalline base materials, but in particular as chiral 
dopants if they are optically active. Smectic compounds 
of this type are suitable as components of ferro- 
electric materials. 

Compounds of the formula I having Sa phases are suit- 
able, for example, for thermally addressed displays. 

Branched groups generally contain not more than one 
chain branch. Preferred branched radicals R are 
isopropyl, 2-butyl (= 1-methylpropyl) , isobutyl 
(= 2-methylpropyl) , 2 -methylbutyl , isopentyl 

(= 3 -methylbutyl ) , 2 -methylpentyl , 3-methylpentyl , 
2-ethylhexyl, 2 -propylpentyl , isopropoxy, 2 -methyl - 
propoxy, 2-methylbutoxy, 3 -methylbutoxy , 2 -methyl- 



pentoxy, 3 -methylpentoxy, 2 -ethylhexoxy , 1 -methylhexoxy 
or 1-methylheptoxy . 



If R is an alkyl radical in which two or more CH2 groups 
5 have been replaced by -O- and/or -C0-0-, this can be 
straight -chain or branched. It is preferably branched 
and has 3 to 12 carbon atoms. Accordingly, it is in 
particular biscarboxymethyl , 2 , 2 -biscarboxyethyl , 

3 , 3-biscarboxypropyl, 4 , 4 -biscarboxybutyl , 5, 5 -bis - 

10 carboxypentyl , 6 , 6-biscarboxyhexyl , 7 , 7-biscarboxy- 
heptyl, 8, 8-biscarboxyoctyl, 9 , 9-biscarboxynonyl , 

10, 10-biscarboxydecyl , bis (methoxycarbonyl ) methyl , 

2 , 2 -bis (methoxycarbonyl ) ethyl , 3,3 -bis (methoxycar- 

bonyl) propyl , 4, 4 -bis (methoxycarbonyl) butyl, 5,5-bis- 

15 (methoxycarbonyl) pentyl, 6 , 6 -bis (methoxycarbonyl ) hexyl , 
7 , 7-bis (methoxycarbonyl) heptyl , 8 , 8-bis- 

(methoxycarbonyl) octyl , bis (ethoxycarbonyl) methyl , 

2, 2 -bis (ethoxycarbonyl) ethyl, 3, 3 -bis (ethoxy- 

carbonyl ) propyl , 4 , 4-bis (ethoxycarbonyl) butyl or 

2 0 5 , 5 -bis (ethoxycarbonyl) hexyl . 

Z is preferably a single bond, -COO- or a -CH2CH2- 
bridge . 

25 The compounds of the formula I are prepared by methods 
known per se, as described in the literature (for 
example in the standard works, such as Houben-Weyl, 
Methoden der Organischen Chemie [Methods of Organic 
Chemistry], Georg-Thieme-Verlag, Stuttgart, to be 

3 0 precise under reaction conditions which are known and 

suitable for said reactions. Use can also be made here 
of variants which are known per se, but are not 
mentioned here in greater detail. Furthermore, the 
compounds of the formula I can be prepared as described 
35 in the patent applications DE 40 23 107 Al and 
EP 0 418 362 Al. 

The invention also relates to electro-optical displays 
(in particular STN or MLC displays having two plane- 
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parallel outer plates, which, together with a frame, 
form a cell, integrated non-linear elements for switch- 
ing individual pixels on the outer plates, and a 
nematic liquid-crystal mixture of positive dielectric 
5 anisotropy and high specific resistance which is loca- 
ted in the cell) which comprise media of this type, and 
to the use of these media for electro-optical purposes. 

The liquid-crystal mixtures according to the invention 
10 allow a significant increase in the parameter latitude 
which is available. 

The achievable combinations of clearing point, visco- 
sity at low temperature, thermal and UV stability, 
15 optical anisotropy and threshold voltage are far 
superior to the known materials from the prior art. 

The requirement for a high clearing point, nematic 
phase at low temperature and low birefringence (An) and 

2 0 simultaneously a low threshold voltage has hitherto 
only been achieved inadequately. Although liquid- 
crystal mixtures such as, for example, MLC-6476 and 
MLC-6625 (Merck KGaA, Darmstadt, Germany) have 
comparable clearing points and low- temperature 

25 stabilities, they both have, however, much higher An 
values of about 0.075 and much higher threshold 
voltages of about > 1.7 V or more. 

While retaining the nematic phase down to -20 °C, 
30 preferably down to -30°C, particularly preferably down 
to -40°C, and clearing points above 80°C, preferably 
above 90°C, particularly preferably above 100°C, the 
liquid-crystal mixtures according to the invention 
simultaneously allow birefringence values of < 0.08, 
35 preferably < 0.07, particularly preferably < 0.065, and 
a low threshold voltage, allowing excellent STN and MLC 
displays, in particular reflective MLC displays, to be 
achieved. In particular, the mixtures are characterized 
by low operating voltages. The TN thresholds are 



usually below 1.9 V, preferably below 1.7 V, 
particularly preferably < 1.5 V. Reflective displays in 
particular are distinguished by TN thresholds of < 1.5 
V. 

5 

It goes without saying that a suitable choice of the 
components of the mixtures according to the invention 
also allows higher clearing points (for example above 
110 °C) to be achieved at the same time as lower 

10 dielectric anisotropy values and thus higher threshold 
voltages, or lower clearing points to be achieved at 
the same time as higher dielectric anisotropy values 
(for example > 12) and thus lower threshold voltages 
(for example < 1.5 V) while retaining the other 

15 advantageous properties. Likewise, mixtures of higher 
As and thus lower thresholds can also be obtained at 
viscosities which are increased correspondingly little. 
The MLC displays according to the invention preferably 
operate at the first Gooch and Tarry transmission 

20 minimum [C.H. Gooch and H.A. Tarry, Electron. Lett. 10, 
2-4, 1974; C.H. Gooch and H.A. Tarry, Appl . Phys . , 
Vol. 8, 1575-1584, 1975], where, besides particularly 
favourable electro-optical properties, such as, for 
example, high steepness of the characteristic line and 

25 low angle dependence of the contrast (German Patent 
30 22 818) , a lower dielectric anisotropy is sufficient 
at the same threshold voltage as in an analogous 
display at the second minimum. Thus, significantly 
higher specific resistance values can be achieved using 

3 0 the mixtures according to the invention at the first 
minimum than in the case of mixtures comprising cyano 
compounds. Through a suitable choice of the individual 
components and their proportions by weight, the person 
skilled in the art can set the birefringence necessary 

35 for a specified layer thickness of the MLC display 
using simple routine methods. The requirements of 
reflective MLC displays are described, for example, in 
Digest of Technical Papers, SID Symposium 1998. 
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The rotational viscosity yi at 20 °C is preferably 
< 150 mPa.s, particularly preferably < 120 mPa . s . The 
nematic phase range is preferably at least 90°, in 
particular at least 100°. This range preferably extends 
5 at least from -20° to +80°. 

Measurements of the capacity holding ratio, also known 
as the voltage holding ratio (HR) [S. Matsumoto et al . , 
Liquid Crystals 5, 1320 (1989); K. Niwa et al . , Proc . 
10 SID Conference, San Francisco, June 1984, p. 304 
(1984); G. Weber et al . , Liquid Crystals 5, 1381 
(1989)] have shown that mixtures according to the 
invention comprising compounds of the formula I have an 
adequate HR for MLC displays . 

15 

The media according to the invention preferably com- 
prise a plurality (preferably two, three or more) of 
compounds of the formula I, i.e. the , proportion of 
these compounds is 5-95%, preferably 10-60%, 
20 particularly preferably in the range 8-40%. 

The individual compounds of the formulae I to XV and 
their sub-formulae which can be used in the media 
according to the invention are either known or can be 
25 prepared analogously to the known compounds. 

Preferred embodiments are indicated below. 



- A mixture comprising one or more compounds of the 
3 0 formulae la to In: 



in which R is as defined in Claim 1, but is preferably 
a straight -chain alkyl radical; 



- The medium simultaneously comprises one or more 
5 compounds of the formula lb and of the formula le; 

- The medium simultaneously comprises one or more 
compounds of the formula Ij and of the formula Ik; 

10 - The medium additionally comprises one or more com- 
pounds selected from the group consisting of the 
general formulae II to VIII: 



15 





H >-C,H,— < O /-X" 

y 



Y^ 



VI 



VII 



VII! 



in which the individual radicals have the following 
meanings : 

R° : n-alkyl, oxaalkyl , fluoroalkyl or 

alkenyl, in each case having up to ' 9 
carbon atoms; 

X°: F, CI, halogenated alkyl or alkoxy having 

1 to 6 carbon atoms or halogenated 
alkenyl having 2 to 6 carbon atoms; 

Z°: -C4H8-, -CF2O-, -OCF2-, -C2F4-, -CH2O-, 

-OCH2- or -C00-; 



Y^, Y^, Y^ and Y* : each, independently of one 

another, H or F; 



The compound of the formula IV is preferably 




Y 



y' 




R°-^ H W O W O W H ^X' 



XIH 



XIV 



Y^ 

R°— < H V-< H >-< H o^r 



in which R°, X°, and are each, independently of 
one another, as defined in Claim 2. X° is preferably 
F, CI, CF3, OCF3 or OCHF2. R° is preferably alkyl, 
oxaalkyl, fluoroalkyl or alkenyl, each having up to 
6 carbon atoms . 

The medium additionally comprises one or more com- 
pounds of the formula 



F 



in which R° and X° are as defined above. 



- The medium additionally comprises one or more ester 
compounds of the formulae El to E4 : 
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F 




5 in which R° is as defined above . 

- The medium additionally comprises one or more 
compounds of the formulae Xa to Xd: 



10 




15 



- The proportion of compounds of the formulae I to VIII 
in the mixture as a whole is at least 50% by weight; 



- The proportion of compounds of the formula I in the 
mixture as a whole is from 5 to 50% by weight; 



The proportion of compounds of the formulae II to 
VIII in the mixture as a whole is from 2 0 to 8 0% by 
weight ; 



Y 

-<0^X° is preferably -{o)-F. -(oyf, "{o^F, 

y2 F 

F F 
Ho)-OCf'3' -Ki^0^^3. -<O^OCF3, -(o}-Cf„ 



F F 



F 

F F 



F 

F F F 



10 - The medium comprises compounds of the formulae II, 
III, IV, V, VI, VII or VIII; 

- R° is straight-chain alkyl or alkenyl having 2 to 7 
carbon atoms; 

15 

- The medium essentially consists of compounds of the 
formulae I to VIII; 

- The medium comprises a mixture of compounds of the 
2 0 formula I in which Y is CF3 and/or OCF3 ; 

- The medium comprises further compounds, preferably 
selected from the following group consisting of the 
general formulae XVI to XIX; 



XVI 




XVil 



XVIII 



R°-^2H3^<^2H,-{o)-X°' (X°' = F or CI) X!X 



in which R° and X° are as defined above, and the 1,4- 
phenylene rings may be substituted by CN, chlorine or 
fluorine. The 1 , 4-phenylene rings are preferably mono- 
or polysubstituted by fluorine atoms . 

The I : (II + III + IV + V + VI + VII + VIII) weight 
ratio is preferably 1 : 10 to 10 : 1; 

The medium essentially consists of compounds selected 
from the group consisting of the general formulae I 
to XV; 

The proportion of compounds of the formulae Xa to Xd 
in the mixture as a whole is 3-45% by weight, 
preferably 5-40% by weight, in particular 5-30% by 
weight ; 

The proportion of compounds of the formula El in the 
mixture as a whole is 10-60% by weight, preferably 
10-45% by weight, in particular 15-40% by weight; 




F 



The compound of the formula II is preferably selected 
from the sub-formulae Ila to Ild: 
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F 




- The proportion of compounds of the formulae E2 and/or 
5 E3 in the mixture as a whole is 1-30% by weight, 

preferably 3-20% by weight, in particular 3-15% by 
weight ; 

- The proportion of compounds of the formula E4 in the 
10 mixture as a whole is < 20% by weight, in particular 

< 10% by weight. 

It has been found that even a relatively small pro- 
portion of compounds of the formula I mixed with 

15 conventional liquid-crystal materials, but in particu- 
lar with one or more compounds of the formulae II, III, 
IV, V, VI, VII and/or VIII results in a significant 
reduction in the threshold voltage and low 
birefringence values, where broad nematic phases with 

2 0 low smectic-nematic transition temperatures are 
simultaneously observed, improving the storage 
stability. Particular preference is given to mixtures 
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which, in addition to one or more compounds of the 
formula I, comprise one or more compounds of the 
formula IV, in particular compounds of the formula IVa 
in which X° is F or OCF3 . 

The compounds of the formulae I to VIII are colourless, 
stable and readily miscible with one another and with 
other liquid-crystalline materials. 



10 The term "alkyl" or "alkyl*" preferably covers 
straight -chain and branched alkyl groups having 1-7 
carbon atoms, in particular the straight -chain groups 
methyl, ethyl, propyl, butyl, pentyl, hexyl and heptyl . 
Groups having 2-5 carbon atoms are generally preferred. 

15 

The term "alkenyl" or "alkenyl*" preferably covers 
straight -chain and branched alkenyl groups having 2-7 
carbon atoms, in particular the straight -chain groups. 
Particularly preferred alkenyl groups are 

20 C2-C7-lE-alkenyl, C4-C7-3E-alkenyl , C5-C7-4 -alkenyl , 

Cg-Cy-S-alkenyl and C7- 6 -alkenyl , in particular 
C2-C7-lE-alkenyl , C4-C7-3E-alkenyl and C5-C7-4-alkenyl . 
Examples of preferred alkenyl groups are vinyl, 
lE-propenyl, lE-butenyl, lE-pentenyl, lE-hexenyl, 

25 lE-heptenyl, 3-butenyl, 3E-pentenyl, 3E-hexenyl, 
3E-heptenyl, 4-pentenyl, 4Z-hexenyl, 4E-hexenyl, 
4Z-heptenyl, 5-hexenyl, 6-heptenyl and the like. Groups 
having up to 5 carbon atoms are generally preferred. 

30 The term " f luoroalkyl" preferably covers straight-chain 
groups having a terminal fluorine, i.e. f luoromethyl , 
2 -f luoroethyl , 3 - f luoropropyl , 4 - f luorobutyl , 

5-f luoropentyl , 6 - f luorohexyl and 7 - f luoroheptyl . 
However, other positions of the fluorine are not 

3 5 excluded. 



The term ''oxaalkyl" preferably covers straight-chain 
radicals of the formula CnH2n+i-0- (CH2) m, in which n and m 
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are each, independently of one another, from 1 to 6 . n 
is preferably 1 and m is preferably from 1 to -6 . 

Through suitable choice of the meanings of R° and X°, 
5 the addressing times, the threshold voltage, the 
steepness of the transmission characteristic lines, 
etc., can be modified in the desired manner. For 
example, lE-alkenyl radicals, 3E-alkenyl radicals, 
2E-alkenyloxy radicals and the like generally result in 

10 short addressing times, improved nematic tendencies and 
a higher ratio of the elastic constants ksa (bend) and 
kii (splay) compared with alkyl or alkoxy radicals. 
4-Alkenyl radicals, 3-alkenyl radicals and the like 
generally give lower threshold voltages and smaller 

15 values of kss/kn compared with alkyl and alkoxy 
radicals . 

A -CH2CH2- group generally results in higher values of 
k33/kii compared with a single covalent bond. Higher 
20 values of ksj/kn facilitate, for example, flatter 
transmission characteristic lines in TN cells with a 
90° twist (in order to achieve grey shades) and steeper 
transmission characteristic lines in STN, SEE and OMI 
cells (higher multiplexability) , and vice versa. 

25 

The optimum mixing ratio of the compounds of the 
formulae I and II + III + IV + V + VI + VII + 
VIII depends substantially on the desired properties, 
on the choice of the components of the formulae I, II, 
30 III, IV, V, VI, VII and/or VIII, and on the choice of 
any other components which may be present. Suitable 
mixing ratios within the range given above can easily 
be determined from case to case. 

3 5 The total amount of compounds of the formulae I to XV 

in the mixtures according to the invention is not 

crucial . The mixtures can therefore comprise one or 

more further components in order to optimize various 

properties. However, the observed effect on the 
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addressing times and the threshold voltage is generally 
greater the higher the total concentration of compounds 
of the formulae I to XV. 

5 In a particularly preferred embodiment, the media 
according to the invention comprise compounds of the 
formulae II to VIII (preferably II, III and/or IV, in 
particular IVa) in which X° is F, OCF3, OCHF2, 
0CH=CF2, 0CF=CF2 or OCF2-CF2H. A favourable synergistic 
10 effect with the compounds of the formula I results in 
particularly advantageous properties. In particular, 
mixtures comprising compounds of the formula I and the 
formula IVa are distinguished by their low threshold 
voltages . 

15 

The construction of the STN or MLC display according to 
the invention from polarizers, electrode base plates 
and surface-treated electrodes corresponds to the 
conventional construction for displays of this type. 
20 The term "conventional construction" is broadly drawn 
here and also covers all derivatives and modifications 
of the MLC display, in particular including matrix 
display elements based on poly-Si TFT or MIM and very 
particularly reflective displays. 

25 

A significant difference between the displays according 
to the invention and the conventional displays based on 
the ^ twisted nematic cell consists, however, in the 
choice of the liquid-crystal parameters of the liquid- 
3 0 crystal layer. 

The liquid- crystal mixtures which can be used in 
accordance with the invention are prepared in a manner 
conventional per se . In general, the desired amount of 
35 the components used in a lesser amount is dissolved in 
the components making up the principal constituent, 
expediently at elevated temperature. It is also 
possible to mix solutions of the components in an 
organic solvent, for example in acetone, chloroform or 
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methanol, and to remove the solvent again . after 
thorough mixing, for example by distillation. It is 
furthermore possible to prepare the mixtures in other 
conventional manners, for example by using premixtures, 
5 for example homologue mixtures, or by using so-called 
^"multi-bottle" systems. 

The dielectrics may also comprise further additives 
known to the person skilled in the art and described in 

10 the literature. For example, 0-15%, preferably 0-10%, 
of pleochroic dyes and/or chiral dopants can be added. 
The individual compounds added are employed in 
concentrations of from 0.01 to 6%, preferably from O.l 
to 3%. However, the concentration data for the other 

15 constituents of the liquid-crystal mixtures, i.e. of 
the liquid-crystalline or mesogenic compounds, are 
given without taking into account the concentration of 
these additives. 

2 0 C denotes a crystalline phase, S a sraectic phase, Sc a 
smectic C phase, N a nematic phase and I the isotropic 
phase . 

In the present application and in the examples below, 
2 5 the structures of the liquid- crystal compounds are 
indicated by means of acronyms, the transformation into 
chemical formulae taking place in accordance with 
Tables A and B below. All radicals CnHan+i and Cn,H2m^i are 
straight -chain alkyl radicals having n and m carbon 
30 atoms respectively. n and m are in each case, 
independently of one another, an integer, in particular 
0, 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10. The coding in 
Table B is self-evident. In Table A, only the acronym 
for the parent structure is given, followed, separated 
35 from the acronym for the parent structure by a hyphen, 
by a code for the substituents R^, R^, and : 



Code for R1, Ri 
R2, Li, L2 



R2 



LI L2 



nm 




CfTiFlam+l 


H 


H 


nOm 


CnH2ni-1 


0CmH2m+1 


H 


H 


nO.m 


0CnH2n-H 


CmH2mt-1 


H 


H 


n 


CnH2n+1 


CN 


H 


H 


nN.F 


CnH2n+1 


CN 


H 


F 


nP 


CnH2n+1 


F 


H 


H 


nOF 


OCnHzn+l 


F 


H 


H 


nCI 




CI 


H 


H 


nF.F 


CnH2n+1 


F 


H 


F 


nF.F.F 




F 


F 


F 


nCFs 


CnH2n+1 


CF3 


H 


H 


nOCFa 




OCF3 


H 


H 


nOCFz 




OCHF2 


H 


H 


nS 




NCS 


H 


H 


rVsN 


CrH2r+l"CH^CH~CaH2s** 


CN 


H 


H 


V-T 


CH2=CH 


CF3 


H 


H 


V2-T 


CH2--CH-C2H4 


CF3 


H 


H 


1V-0T 


CH3-CH=CH 


OCF3 


H 


H 


rEsN 


CrHjr+i-O-CjHjj- 


CN 


H 


H 


nAm 


CnH2n+1 


COOC^H2m*i 


H 


H 


nOCCFz.F.F 


CnH2n+l 


OCH2 CF2H 


F 


F 



Preferred mixture components are shown in Tables A and 
B . 

Table A; 




PYP 
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F 

Inm 



F 

CBC-nmF 

ECCP-nm CCH-n1EM 
OS-nm 

F 

c„h,^,-^3*-{^)v-coc^h(^f 

F 

CCZU-n-F 

CH-nm CC-5-V 

F F F 

F F 
CGU-n-F CDU-n-F 

F F F 
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CCZG-n-OT 



CC-n-OMT 



GPTU-n-F 




CGCC-n-m 



Particularly preferred liquid-crystalline mixtures are 
those comprising not only one, two or three compounds 
5 of the formula I but also one, two, three, four, five, 
six or more compounds from Table B. 

The examples below are intended to illustrate the 
invention without representing a limitation. Above and 
below, percentages are percent by weight. All tem- 
10 peratures are given in degrees Celsius, m.p. denotes 
melting point, cl.p. clearing point. Furthermore, C' = 
crystalline state, N = nematic phase, S = smectic phase 
and I = isotropic phase. The numbers between these 
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symbols are the transition temperatures. An denotes the 
optical anisotropy (589 nm, 20°C), and the flow 
viscosity V20 (mm2/sec) and rotational viscosity yi 
(mPa-s) were each determined at 20°C. 

5 

Vio denotes the voltage for 10% transmission (viewing 
direction perpendicular to the plate surface) . ton 
denotes the switch-on time and toff the switch-off time 
at an operating voltage corresponding to twice the 

10 value of Vio . An denotes the optical anisotropy, and no 
the refractive index. As denotes the dielectric 
anisotropy (As = S2 - Sj., where S2 denotes the dielectric 
constant parallel to the longitudinal axis of the 
molecules, and Si denotes the dielectric constant 

15 perpendicular thereto) . The electro-optical data were 
measured in a TN cell at the 1st minimum (i.e. at a 
d • An value of 0.5) at 20°C, unless expressly stated 
otherwise. The optical data were measured at 20°C, 
unless expressly stated otherwise. 

20 

Mixture Examples 



Example 1 - Low An TFT mixture 



CCH-3CF3 


8 


0% 


S ^ N 


< -40°C 


CCH-5CF3 


12 


0% 


Clearing point: 


72°C 


CC-5-V 


5 


0% 


An [589 nm, 20°C] : 


+0 . 0578 


CCH-303 


5 


0% 


As [1 kHz, 20°C] : 


+ 6.5 


CCH-501 


12 


0% 


Yi [mPa. s, 20°C] : 


129 


CCP-2F.F.F 


12 


0% 


d-An [pm, 20°C] : 


0.5 


CCP-3F.F.F 


6 


0% 


Vxo,o,2o [V] : 


1 . 62 


CCZU-2-F 


S 


0% 






CCZU-3-F 


19 


0% 






CCZU-5-F 


6 


0% 






CH-33 


3 


0% 






CH-35 


3 


0% 






CCPC-34 


3 


0% 
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ECCH- 5CF3 


2 0 


0^ 






CC- 5 -V 




0% 


Clsairin^ point : 


+ 74 C 


CCH-303 






An. [ 0 0 y nm , zu L J : 


+0,0585 


CCH- 501 






Ac ri vu -7 0 n '-' T . 
AS [± KnZ, L, i . 


+ 6 . 5 


CCP - 2 F F F 


12 


0-s 


Yi [mPa . s , 20 C ] : 


141 


CCP— 3F F F 


6 


0 % 


d • An [jam, 2 0 ° C] : 


0 . 5 


CCZiU - 2 - b 


6 


0% 


Twist : 


90 °C 


CCZU-3 -F 


19 


0% 


Vio,o,2o [V] : 


1.69 


CCZU-5-F 


6 


0% 






CH-33 


3 


0% 






CH-3 5 


3 


0% 






CCPC-34 


3 


0% 







Example 3 - 


Low An 


TFT 


mixture 




CCH-3CF3 


9 


0% 


S N 


< -30°C 


CCH-5CF3 


12 


0% 


Clearing point : 


78. 5°C 


CC-5-V 


5 


0% 


An [589 nm, 20°C] : 


+0 . 0646 


CH-3 3 


3 


0% 


As [1 kHz, 20°C] : 


+ 8 . 8 


CCP-2F.F.F 


12 


0% 


71 [mPa. s, 20 °C] : 


140 


CCP-3F.F.F 


12 


0% 


d-An [pm, 20°C] : 


0 . 5 


CCP-5F.F.F 


5 


0% 


Twist : 


90°C 


CCP-2OCF3 . F 


6 


0% 


Vxo,o,20 [V] : 


1 . 43 


CCZU-2-F 


6 


0% 






CCZU-3-F 


20 


0% 






CCZU-5-F 


6 


0% 






CCPC-34 


4 


0% 
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Exa.TTipXe 4 - 








mixtuire 




xiL-L-rl- Di_r 3 




















Cleairirig point : 


+82 0°C 








0 % 


An r^RQ nm 9 D ° P 1 • 


+0 0654 


- r . r . r 




12 


0 % 


AS L i Kri Z , z U C J . 


+ 8.5 


L-L-F - J r . r . r 




12 


°! 


yiLirira.s, . 


165 


CCP— 5F F F 




5 


0% 


d • An [pni, 2 0 C] ; 


0 . 5 


CCP-2OCF3 . F 




6 


0% 


Vio,o,20 [V] : 


1 .49 


CC2U~ 2 ~ F 












CCZU-3-F 




20 


0% 






CCZU-5-F 




6 


0% 






CCPC-34 




4 


0% 






Example 5 - 


Low 


An 


TFT 


mixture 




CCH-3CF3 




10 


0% 


S — > N 


< -30 ° C 


CCH- 5CF3 




14 


0% 


Clearing point : 


+ 72 . 0 °C 


CCH-302 




7 


0% 


An [589 nm , 2 0 ° C ] : 


+0.0550 


CCH-303 




5 


0% 


Vio,o,2o [V] : 


1.87 


CCH-501 




12 


0% 






CCP-2F . F . F 




9 


0% 






CCZU-2 -F 




6 


0% 






CCZU-3 -F 




19 


0% 






CCZU- 5 -F 




6 


0% 






CH-33 




3 


0% 






CH-35 




3 


0% 






CH-43 




2 


0% 






CCPC-33 




2 


0% 






CCPC-34 




2 


0% 
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Example 6 - Low An TFT mixture 

CCH-3CF3 8.0% S -> N < -30°C 

CCH-5CF3 12.0% Clearing point: +70.5°C 

OS-33 6.0% An [589 nra, 20°C]: +0.0562 

CCH-302 4.0% Vio,o20 [V]: 1.80 

CCH-303 5.0% 

CCH-501 12.0% 

CCP-2F.F.F 12.0% 

CCZU-2-F 6.0% 

CCZU-3-F 19.0% 

CCzU-5-F 6.0% 

CH-33 3.0% 

CH-35 3.0% 

CCPC-33 2.0% 

CCPC-34 2.0% 



: 5 Example 7 - 


Low An 


TFT 


mixture 




m CCH-30CF3 


10 


0% 






- I CCH-50CF3 


14 


0% 


Clearing point : 


+75.5°C 


CCH-302 


7 


0% 


An [589 nm, 20°C] : 


+0 . 0572 


t=i CCH-303 


7 


0% 


d-An [jam, 20°C] : 


0 . 5 


CCH-501 


10 


0% 


Vio,o,2o [V] : 


1.74 


CCP-2F.F.F 


9 


0% 


Twist : 


90° 


CCZU-2-F 


6 


0% 






CCZU-3-F 


19 


0% 






CCZU-5-F 


6 


0% 






CH-33 


3 


0% 






CH-3 5 


3 


0% 






CH-43 


3 


0% 






CCPC-33 


3 


0% 
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Example 



Low An TFT mixture 



DC-V2-T 

CCH-302 

CH-34 

CCH-501 

CCP-2F.F.F 

CCZU-2-F 

CCZU-3-F 

CCZU-5-F 

CH-33 

CH-35 

CH-43 

CCPC-33 



15 . 0% 
15 . 0% 
4.0% 
10 . 0% 
12 . 0% 
6.0% 
20 . 0% 
6 . 0% 
3 . 0% 
3 . 0% 
3 . 0% 
3 . 0% 



S -> N 

Clearing point : 
An [589 nm, 20°C] : 
d-An [pm, 20°C] : 
Vio,o,2o [V] : 
Twist : 



< -30°C 
+69.0°C 
+ 0 . 0568 

0. 49 

1 . 53' 
90° 



5 Example 9 - Low An TFT mixture 

CCH-301 14.0% S ^ N < -30°C 

CCH-501 11.0% Clearing point : +80.0°C 

CCP-2F.F.F 10.0% An [589 nm, 20°C]: +0.0607 

CCP-3F.F.F 13.0% d-An [pm, 20°C]: 0.55 

CCP-5F.F.F 5.0% Vio,o,20 [V] : 1.53 

CCZU-2-F 5.0% Twist: 90° 

CCZU-3-F 17.0% 

CCZU-5-F 5.0% 

CH-33 3.0% 

CH-35 3.0% 

CH-43 3.0% 

CCPC-33 3.0% 

CCH-3CF3 8.0% 
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Example 10 - Reflecrive TN mixture 



CCH- 301 












< -30°C 


CCP - 2 F . F . 






10 


0 % 


CXes^in^ poirit z 


+ 80 . 0 °C 


CCP - 3 F . F . 


p 




13 


0 % 


An [589 nm , 2 0 ° C ] : 


+0 . 0554 


CCP - 5 F F 










H . An r n-m 9 D ° P 1 • 




CCZU- 2 - F 










Vl0,0,20 LVJ . 




CCZU- 3 - F 












90 ° 


CCZU- 5 - F 






















0-s 






CCP-3OCF2 


. F 


F 


6 


0% 






CCP-5OCF2 


. F 


F 


6 


0% 






CH-33 






3 


0% 






CH-35 






2 


0% 






CH-43 






2 


5% 






CCH-3CF3 






7 


0% 






CCH-5CF3 






4 


0% 







5 Example 11 - Reflective TN mixture 



CCH-301 






11 


0% 


S -> N 


< -30°C 


CCP-2F.F. 


F 




10 


0% 


clearing point: 


+76.0°C 


CCP-3F.F. 


F 




13 


0% 


An [589 nm, 20°C] : 


+ 0 . 0649 


CCP-5F.F. 


F 




5 


0% 


d-An [pm, 20°C] : 


0 . 55 


CCZU-2-F 






4 


0% 


Vio,o,2o [V] : 


1.39 


CCZU-3-F 






15 


0% 


Twist : 


90° 


CCZU-5-F 






4 


0% 






CCP-2OCF2 


. F 


F 


6 


0% 






CCP-3OCF2 


.F 


F 


6 


0% 






CCP-5OCF2 


.F 


F 


7 


0% 






CH-33 






3 


0% 






CH-43 






3 


0% 






CCH-3CF3 






8 


0% 






CCH-5CF3 






5 


0% 







- 40 - 







Reflective 


TN inixtuire 




CCH- 301 




6 


. 0% 


S ^ N 




CCD 0 17 'C tP 




10 


. 0% 


Clearing point : 


+80.0 C 


CCP — 3 F F F 




13 


. 0% 


An [oby nm, zu CJ : 


+0 . 0652 


/^/^"D C IT IT T? 




5 


. 0% 


d • An [jam, 2 0 ° C] : 


0 . 55 


i-,v_.Zi u - ^ - r 




5 


0% 


Vio,o,2o [V] : 


1.43 


CCZU- 3 - F 




16 


0% 


Twist : 


90 ° 


CCZU-5-F 




4 


0% 






CCP-3OCF3 . F 


F 


6 


0% 






CCP - 5OCF3 . F 


F 


6 


0% 






LUF - DULr 2 . r 




5 


0% 






CH-33 




3 


0% 










2 


0% 






CH-43 




2 


0% 






CCH-3CF3 




10 


0% 






CCH-5CF3 




7 


0% 






Example 13 




Low An TFT 


mixture 




CCH~ 501 




12 


0% 


S ^ N 


< -40°C 






3 


0% 


Clearing point : 


+ 8 1 . 5 °C 


ch'ss 




3 


0% 


An [ D 0 y nm , z U C J : 


+0.0604 


CH-43 




3 


0% 


As [1 kHz, 20 °C] : 


+ 8 . 4 


CH-4 5 




3 


0% 


Yi [mPa . s, 20°C] : 


160 


CCP-2F . F . F 




9 


0% 


d- An [pm, 20 °C] : 


0 . 5 


CCZU-2 -F 




6 


0% 


Vio,o,2o [V] : 


1 . 42 


CCZU-3 -F 




15 . 


0% 


Twist : 


90° 


CCZU-5-F 




6 . 


0% 






CDU-2 -F 




9 . 


0% 






CDU-3-F 




9 . 


0% 






CDU-5-F 




3 . 


0% 






CCH-3CF3 




7 . 


0% 






CCH-5CF3 




8 . 


0% 






CCPC-34 




4 . 


0% 
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Example 14 - Low An TFT mixture 



CCH- 301 




4 


0% 


S — > N 


< -40°C 


CCH- 501 






0 % 


C 1 e a 2r i point i 


+80 . 5°C 


CH-3 3 




3 


0% 


An [58 9 nm, 20 °C] : 


+0 . 0640 


CH- 3 5 




3 


0% 


As [ 1 kHz , 20 ° C] : 


+ 7 . 6 








0 % 




161 


CCP - 2 F . F 








H ■ An r nm ? 0° CI • 


0 . 5 


CCP - 3 F . F . 




g 


0 % 


« 10 , 0, 20 L V J . 


1.28 


CCZU-2 -F 




5 


0 % 




90 ° 


CCZU-3-F 




15 


0% 






CCZU- 5 - F 












CDU-2-F 




10 


0% 






CDU-3-F 




9 


0% 






CDU-5-F 




7 


0% 






CCH-3CF3 




7 


0% 






CCPC-34 




4 


0% 






Example 15 - 


Reflective 


TN mixtuire 




CCH-301 




12 


0% 


S ^ N 


< 20°C 


CH-33 




3 


0% 


Clearing' point : 


+ 93 . 0 °C 


CH-35 




3 


0% 


An [ o o y nm ^ / u J . 




CCP-4OCF3 




8 


0% 


a An [ pm , z u j - 




CCP-2F.F. 


F 


12 


0% 


Vio,o,2o LVJ : 




CCP-3F.F. 


F 


12 


0% 


Twist : 


90 ° 


CCP-5F.F. 


F 


6 


0% 






CCZU-2-F 




6 


0% 






CCZU-3-F 




13 


0% 






CCZU-5-F 




6 


0% 






CZC-3-T 




6 


0% 






CCZC-3-T 




10 


0% 






CCPC-34 




3 


0% 
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Example 1 6 



CCH-3CF3 


9.00 % 


S ^ N 


<-30 'C 


CCH-5CF3 


12.00 % 


Clearing point: 


+80.0 "C 


CC-5-V 


7.00 % 


An [589 nm, 20 "C]: 


+0.0648 


CH-33 


3.00 % 


d-An [20 °C, pm]: 


0.50 


CCP-2F F F 








CCP-3F.F.F 


1 1 .00 % 


Vio,o.20 [V]: 


1.49 


CCP-5F.F.F 


6.00 % 






CCP-2OCF3.F 


7.00 % 






CCZU-2-F 


6 .00 % 






CCZU-3-F 


16.00 % 






CCZU-5-F 


6.00 % 






CCPC-34 


5.00 % 






Example 17 








CCH-501 


7.00 % 


S N 


< -40 X 


CH-33 


3.00 % 


Clearing point: 


+86.0 X 


CH-35 


3.00 % 


An [589 nm. 20 °C]: 


+0.0645 


CH-43 


3.00 % 


As [1kHz, 20 X]: 


+ 10.2 


CCP-2F.F.F 


7.00 % 


d-An [20 X, pm]: 


0.50 


CCP-3F F F 


5.00 % 


Twist ry. 


90 


CCZU-2-F 


6.00 % 


Vi 0.0,20 [V]; 


1.36 


CCZU-3-F 


15.00 % 






CCZU-5-F 


6.00 % 






CDU-2-F 


9.00 % 






CDU-3-F 


9.00 % 






CDU-5-F 


5.00 % 






CCH-3CF3 


7.00 % 






CCH-5CF3 


8.00 % 






CCPC-34 


3.00 % 






CCPC-33 


3.00 % 
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Examote 1 8 



CCH-501 


12.00% 


S 


< -40 'C 


CH-33 


3.00 % 


Clearing point; 


+8Z5 °C 


CH-35 


3.00 % 


An [589 nm, 20 °C]: 


+0.0608 


CH^S 


3.00 % 


d-An [20 °C, pm]: 


0-50 


CH-45 


3.00 % 


twist [']: 


90 


CCP-2F.F.F 


6.00 % 


V10.0.20 [V]; 


1.42 


CCP-3F.F.F 


4.00 % 






CCZU-2-F 


6,00 % 






CCZU-3-F 


14.00% 






CCZU-5-F 


6.00 % 






CDU-2-F 


8.00 % 






CDU-3-F 


8.00 % 






CDU-S-F 


5.00 % 








s? nn 0/ 

O.UU /a 






CCH-5CF3 


7.00 % 






CCPC-34 


4.00 % 






Examole 19 








CCH-301 


5.00 % 


S^N 


<-40°C 


CCH-501 


16.00% 


Clearing point: 


+86.0 'C 


CCP-2F.F.F 


12.00 % 


An [589 nm, 20 "C]: 


+0.0622 


CCP-3F.F.F 


12.00 % 


A8[1kH2, 20 'C]: 


+4.8 


CCP-5F.F.F 


6.00 % 


d-An [20 °C, pm]; 


0.50 


CCP-2OCF3 


5.00 % 


twist ["I: 


90 


CCP-4OCF3 


6.00 % 


Vi 0.0,20 i^']: 


1.98 


CCP-2OCF3.F 


9.00 % 






CH-33 


4.00 % 






CH-35 


3.00 % 






CH-43 


3.00 % 






CH^5 


3.00 % 






CGPC-34 


4.00 % 






CCH-3CF3 


6-00 % 






CCH-5CF3 


6.00 % 
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Example 20 



CH-33 


3 00 % 


S — N 


< ^0 °Q 


CH-35 


2 00 % 


Clearrng point: 


+7S 5 "C 


CCP-2F F F 


1 0.00 % 




+0 0642 


CCZU-2-F 




u-Ari [ZU Ly, 1-irrij. 




CCZU-3-F 


16.00 % 


Twist H: 


90 


CCZU-5-F 


6.00 % 


Viq[V]: 


1.22 


CDU-2-F 


9 00 % 






CDU-3-F 


1 1 .00 % 






CDU-5-F 


8.00 % 






CCH-3CF3 


1 1 .00 % 






CCH-5CF3 


11.00 % 






CCPC-33 


4.00 % 






CCPC-34 


3.00 % 






Example 21 








CH-33 


4 00 % 


S — ^ N 


< -40 'C 


CH-35 






+77.0 °C 


CH-43 


2 00 % 


An [589 nm 20 °C]' 


+0 0628 


CCP-2F.F F 


9.00 % 


d-iin [20 °C, pm]: 


0.50 


CCZU-2-F 


6 00 % 


Twist [°]; 


90 


CCZU-3-F 


16.00 % 


Vio[V]: 


1.24 


CCZU-5-F 


6 .00 % 






CDU-2-F 


9.00 % 






CDU-3-F 


11.00 % 






CDU-5-F 


8.00 % 






CCH-3CF3 


11.00 % 






CCH-5CF3 


10.00 % 






CCPC-34 


4.00 % 
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Exampie 22 



CH-33 


4. 00 % 


S -> N 


< -30 °C 


CH-35 


3.00 % 


Clearing point: 


+82.0 "C 


CCP-2F.F.F 


10.00 % 


An [589 nm, 20 °C]; 


+0.0645 


CCZU-2-F 


6.00 % 


As [kHz, 20 'Cy. 


+1 1 .2 


CCZU-3-F 


16.00 % 


d-An [20 °C, pm]: 


0.50 


CCZU-5-F 


6.00 % 


Twist [°]: 


90 


C0U-2-F 


9.00 % 


V,a[V]: 


1.27 


CDU-3-F 


11.00 % 






CDU-5-F 


8.00 % 






CCH-3CF3 


1 1.00 % 






CCH-5CF3 


9.00 % 






CCPC-33 


4.00 % 






CCPC-34 


3.00 % 






Example 23 








CH-33 


4.00 % 


S -> N 


< -30 °C 


CH-35 


3.00 % 


Clearing point: 


+81.0 "C 


CH-43 


3.00 % 


An [589 nm, 20 "C]: 


+0.0637 


CCP-2F.F F 


9.00 % 


d An [20 °C. |jmj: 


0.50 


CCZU-2-F 


6.00 % 


Twist [°]: 


90 


CCZU-3-F 


16.00 % 


V,o[V]: 


1.26 


CCZU-5-F 


6.00 % 






CDU-2-F 


9.00 % 






CDU-3-F 


11.00 % 






CDU-5-F 


8.00 % 






CCH-3CF3 


11.00 % 






CCH-5CF3 


9.00 % 






CCPC-33 


2.00 % 






CCPC-34 


3.00 % 
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Exomple 24 



CCH-501 


8.00 % 


S N 


< -40 ""C 


CH-33 


4.00 % 


Clearing point: 


+82.0 °C 


CH-35 


4.00 % 


An [589 nm, 20 °C]: 


+0.0620 


CH-43 


4.00 % 


d-An [20 X, Mm]: 


0.50 


CCP-2F.F.F 


9.00 % 


Twist [°]: 


90 


CCZU-2-F 


6.00 % 


Viq[V]: 


1.36 


CC2U-3-F 


16.00 % 






CCZU-5-F 


6.00 % 






CDU-2-F 


9.00 % 






CDU-3-F 


11.00 % 






CDU-5-F 


3.00 % 






CCH-3CF3 


8.00 % 






CCH-5CF3 


8.00 % 






CCPC-34 


4.00 % 






Example 25 








CCH-501 


12.00 % 


s n' 


< -40 "C 


CH-33 


4.00 % 


Clearing point: 


+81. 0 °C 


CH-35 


4.00 % 


An [589 nm. 20 "C]: 


+0-0610 


CH-43 


4.00 % 


Ae [kHz. 20 °C]: 


+8.9 


CCP-2F F.F 


9. 00 % 


Y- [mPa-s, 20 'C]: 


154 


CCZU-2-F 


6.00 % 


d'An [20 °C, ym]: 


0.50 


CC2U-3-F 


16.00 % 


Twist H; 


90 


CCZU-5-F 


6.00 % 


V,Q [V]: 


1.41 


CDU-2-F 


9.00 % 






CDU-3-F 


11.00 % 






CCH-3CFj 


7.00 % 






CCH-5CFj 


8.00 % 






CCPC-34 


4.00 % 
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Example 26 



CCH-303 


5.00 % 






CCH-501 


1 6 .00 % 


Clearing point: 


+90.0 °C 


CCP-2F.F.F 


1 2 .00 % 


An [589 nm, 20 °C]: 


+0.0628 


CCP-3F.F.F 


1 2.00 % 


d'An [20 "C, pm]: 


0.50 


CCP-5F.F.F 


6.00 % 




90 


CCP-2OCF3 


5.00 % 


Vio [V]: 


2.08 


CCP-4OCF3 


7.00 % 






CCP-2OCF3.F 


6.00 % 






CH-33 


4.00 % 






CH-35 


3.00 % 






CH-43 


3.00 % 






CH-45 


3 00 % 






CCPC-33 


3.00 % 






CCPC-34 


2.00 % 






CCH-3CF3 


6.00 % 






CCH-5CF3 


7. 00 % 






Exam Ie27 








CCH-3CF3 


8.00 % 


S N 


< -40 X 


CCH-5CF3 


8.00 % 




+87.5 X 


CCH-303 


10.00 % 


An [589 nm, 20 °C]; 


+0.0628 


CCH-501 


6.00 % 


As [kHz, 20 X]; 


+7.3 


CCP-2F.F.F 


1 1.00 "/o 


d-An [20 X, urn]; 


0.50 


CCP-3F.F.F 


10.00 % 


Twist [°]: 


90 


CCP-5F.F.F 


5.00 % 


Vio [V]: 


1.69 


CCZU-2-F 


6.00 % 






CCZU-3-F 


16.00 % 






CCZU-5-F 


6.00 % 






CCPC-33 


3.00 % 






CCPC-34 


2.00 % 






CH-33 


3.00 % 






CH-35 


3.00 % 






CH-43 


3.00 % 







Example 28 





6.00 % 


S ^ N 


< -40 °C 




8.00 % 


Clearing point: 




UUn-oUo 


10-00 % 


An [bda nm, zu oj. 


+u .Uo.i.U 




6.00 % 


d-An [20 "C, pm]: 


90^° 


CCP-2F F F 


1 U .Uvj 7o 


Twist [°]: 




L.Ur-or.r.r 


7.00 % 


V10 [V]: 




CCP-5F.F.F 


5.00 % 






CDU-2-F 


10.00 % 






CDU-3-F 


10.00 % 






CDU-5-F 


8.00 % 






CCPC-33 


3.00 % 








3.00 % 






CH-33 


4.00 % 






CH-35 


4.00 % 






CH-43 


3.00 % 






CH-45 


3.00 % 






Example 29 










1 5. 0 0 % 


S -> N 


< -30 "C 


CH-33 


3.00 % 


Clearing point: 


+85.0 'C 






iirj [Ouc7 nm, z.u oj. 


+0.061 5 




3 00 y 


W An ron "C 1 imV 


0.50 


CH-45 


3 00 % 


Twist [°]' 


90 


CCP-2F F F 




\/ ^ r\/i- 
V-o ivj. 


1. 53 


CCZU-2-F 


6.00 % 






CCZU-3-F 


17.00 % 






CCZU-5-F 


6.00 7o 






CDU-2-F 


10.00 % 






CDU-3-F 


9.00 % 






CCH-3CF3 


7. 00 % 






CCH-5CF3 


7. 00 % 






CCPC-34 


4.00 % 
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Example 30 





1 1 .00 % 








5 .00 % 


Clearing point: 






4.00 % 


zifi [uoy nm, <iu oj. 




Ch'35 


4.00 % 


d-An [20 °C, pm]; 


0.50 






Tw.st[]: 






3 00 


Vto [V]: 


1 55 


CCP-2F.F.F 


4.00 % 






CCZU-2-F 


6.00 % 






CCZU-3-F 


17.00 % 






CCZU-5-F 


6 .00 % 






CDU-2-F 


1 U.UU /q 








11.00 % 








7.00 % 








7.00 % 






pppp.-5/t 


2.00 % 






Example 31 








ppu.-^pp. 




S — > N 


< -20 °C 


CCH-5CF- 


7 0 y 


Clearing point: 




CCH-34 


5' 00 


An fi^RQ nm 90 °P1- 


+0 061 7 


CC-5-V 


2" 00 y 






CCH-303 


1 1 50 % 






CCP-2F F F 








CCP-3F.F.F 


5.00 % 






CCP-5F.F,F 


3.00 % 






CDU-2-F 


11.00 % 






CDU-3-F 


11.00 % 






CDU-5-F 


10.00 % 






CCPC-33 


2.00 % 






CCPC-34 


3.00 % 






CH-33 


4.00 % 
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CH-35 








CH-43 


3 50 °/ 






CH-45 


3 50 % 






Exam Ie32 








CCH-303 


1 2 00 % 






CCH-501 


1 1 00 % 


Clearing point- 


+86 0 °C 


CH-33 




An rf^PQ nm "^fl "CI- 

Ail [Ody nm, zu uj. 


— u.uo 1 u 


CH-35 


3 00 % 


/H An r9n 1 iml- 


0.50 


CH-43 


3.00 % 




90 


CH-45 




ViQ {Vj: 


1 61 


CCZU-2-F 


5 00 % 






CCZU-3-F 








CCZU-5-F 


5.00 % 






CDU-2-F 


9.00 % 






C0U-3-F 


9.00 % 






CDU-5-F 


7.00 % 






CCH-3CF3 


5 00 % 






CCH-5CF3 


5.00 % 






CCPC-34 


4.00 % 






Example 33 








CCH-303 


14.00 % 






CCH-501 


1 1.00 % 


Clearing point- 


+86.0 "C 


CH-33 


2 50 % 


An r^SQ nm 90 


+0-0612 


CH-35 


2.50 7o 


d-An [20 "C, 


0.50 


CH-43 


3.00 % 


Twist H: 


90 


CH-45 


3.00 % 


Vio[V]: 


1.61 


CCZU-2-F 


5.00 % 






CCZU-3-F 


16.00 % 






CCZU-5-F 


5.00 % 
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CDU-2-F 

CDU-3-F 

CDU-5-F 

CCH-3CF3 

CCH-5CF3 

CCPC-34 

Example 34 

CCH-301 

CCH-501 

CH-33 

CH-35 

CH-43 

CH-45 

CCP-2F.F.F 

CCZU-2-F 

CCZU-3-F 

CCZU-5-F 

CDU-2-F 

CDU-3-F 

CDU-5-F 

CCH-3CF3 

CCH-5CF3 

CCPC-34 

Example 35 

CCH-301 

CCH-35 

CCH-3CF3 

CCP-2F.F.F 

CCP-3F F F 

CCP-5F,F.F 



9.00 % 
9.00 % 
8.00 % 
4.00 % 
4.00 % 
4.00 % 



8.00 % 






12.00 % 


Clearing point: 


^84.0 °C 


3.00 % 


An [589 nm, 20 'C]: 


+0.0614 


3.00 % 


Ae [kHz, 20 X]: 


+8.3 


3.00 % 


d-An [20 'C, pm]: 


0.50 


3.00 % 


Twist [°]: 


90 


9.00 % 


Vio[Vl: 


1.48 


5.00 % 






16.00 % 






6.00 % 






8.00 % 






9.00 % 






4.00 % 






3.00 % 






4.00 % 






4.00 % 







13.00 % 


S ^ N 


< -30.0 ^C 


6.00 % 


Clearing point: 


+88.5 =C 


8.00 % 


An [589 nm, 20 'C]; 


+0.0616 


10.00 % 


d-An [20 °C, pm]. 


0.50 


14.00 % 


Twist [°]: 


90 


6.00 % 


Vio[V]: 


1.53 
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CCZU-2-F 

CCZU-3-F 

CCZU-4-F 

CCZU-5-F 

CH-33 

CH-35 

CH-43 

CH-45 

Example 36 

CCH-301 

CCH-35 

PCH-7F 

CCH-3CF3 

CCP-2F.F.F 

CCP-3F.F.F 

CCP-5F.F.F 

CCZU-2-F 

CCZU-3-F 

CCZU-4-F 

CCZU-5-F 

CH-33 

CH-35 

CH-43 

CH-45 

Example 37 

CCH-301 

CCH-35 

PCH-7F 

CCH-3CF3 

CCZU-2-F 



5.00 % 
13.00 % 
5.00 % 
5. 00 % 
4.00 % 
4.00 % 
3.00 % 
4.00 % 



13.00 % 






6.00 % 


Clearing point: 


+83.0 X 


2.00 % 


An [589 nm, 20 'Cj: 


+0.0617 


8.00 % 


d-An [20 °C, pml: 


0.50 


10.00 % 


Twist [°]: 


90 


14.00 % 


V-o[V]: 


1.51 


6.00 % 






5.00 % 






13.00 % 






5.00 % 






5.00 % 






4.00 % 






3.00 % 






3.00 % 






3.00 % 







13.00% Clearing point: +102.0 X 

6.00 % An [589 nm, 20 X]; +0.0644 

2.00 % 
8.00 % 
5.00 % 
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1 3-00 % 






CCZU-4-F 


5.00 % 






CCZU-5-F 


5.00 % 






CCZG-2-0T 


10.00 % 






CCZG-3-0T 


14.00 % 






CCZG-5-0T 


S.OO % 






CH-33 


4.00 % 






CH-35 


3.00 % 






CH-43 


3-00 % 






CH-45 


3.00 % 






Example 38 








UUn-oU 1 


15.00 % 


S N 


< -20 'C 


CCH-35 


6.00 % 


Clearing point: 


+84.5 "C 




8.00 % 


iln [589 nm, 20 "Cj: 


+0-061 3 


UUr-zr,r.l- 


10.00 % 


d-An [20 °C, ijm]: 


0.50 


0 c c c 
UUr-jr r.r 


14.00 % 


Twist [*]: 


90 


UUr-or.r .r 


6.00 % 


V10 [V]: 


1. 58 




5.00 % 






CCZU-3-F 


13.00 % 






CCZU-4-F 


5.00 % 






CCZU-5-F 


5.00 % 






CH-33 


4.00 % 








3.00 % 






CH-43 








CH-45 


3 00 °/ 






Example 39 








CCH-301 


13.00 % 


S -> N 


< -20 X 


CCH-35 


6.00 % 


Clearing point: 


+87. 0 X 


CCH-3CF3 


8.00 % 


iin [589 nm, 20 X]: 


+0.0523 


CCP-2F.F F 


10.00 % 


d /in [20 X, ^im] 


0.50 


CCP-3F.F.F 


14.00 % 


Twist [°]: 


90 
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CCP-5F.F.F 

CCP-4CF3.F.F 

CCZU-2-F 

CCZU-3-F 

CCZU-4-F 

CCZU-5-F 

CH-33 

CH-35 

CH-43 

CH-45 

Example 40 

CCH-301 

CCH-3CF3 

CC-5-0MT 

CCP-2F.F.F 

CCP-3F.F.F 

CCP-5F.F.F 

CCZU-2-F 

CCZU-3-F 

CCZU-5-F 

CH-33 

CH-35 

CH-43 

CH-45 

Exampie 41 

CCH-301 

CCH-35 

CCH-3CF3 

CCP-2F.F,F 

CCP-3F.F.F 



6.00% Vio[V]: 1.62 

6.00 % 

5.00 % 

7.00 % 

5.00 % 

5.00 % 

4.00 % 

4.00 % 

3.00% 

4.00 % 



15.00% Clearing point: +85.5 'C 

8.00% An [589 nm, 20 "C]: +0.0612 

6.00 % d-An (20 'C, MmJ: 0.50 

10.00% Twist H: 90 

14.00% Vio[V]: 1.59 

6.00 % 

5.00 % 
13.00 % 

6.00 % 

5.00 % 

4 .00 % 

4.00 % 

4.00 % 



17.00% Clearing point: +89.5 "C 

6.00% dn [589 nm, 20 °C]; +0.0617 

8.00 % 
5.00 % 
5.00 % 
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CCP-5F.F.F 

CCZU-2-F 

CCZU-3-F 

CCZU-4-F 

CCZU-5-F 

CCZG-2-0T 

CCZG-3-0T 

CCZG-5-0T 

CH-33 

CH-35 

CH-43 

CH-45 

Example 42 

CCH-301 

CCH-35 

CCH-3CF3 

CCP-2F.F.F 

CCP-3F.F F 

CCP-5F..F.F 

CCZU-2-F 

CCZU-3-F 

CCZU-4-F 

CCZU-5-F 

CH-33 

CH-35 

CH-43 

CH-45 



5.00 % 
5.00 % 
13.00 % 
5.00 % 
5.00 % 
5.00 % 
5.00 % 
5.00 % 
3.00 % 
3.00 % 
3.00 % 
2.00 % 



14.00% Clearing point: +85.5 "C 

11.00% An [589 nm, 20 °C]: +0.0601 

8.00 % 

5.00 % 
10.00 % 

6.00 % 

5.00 % 
18.00 % 

8.00 % 

5.00 % 

3.00 % 

3.00 % 

2.00 % 

2.00 % 
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Example 43 



CCH-301 


1 5. 00 % 


Clearing point: 


+86.0 ^C 


CCH-35 


10.00 % 


An [589 nm, 20 X]: 


+0.0605 


CCH-3CF3 


8.00 % 


d An [20 °C, Mm]: 


0.50 


CCP-2F.F.F 


7. 00 % 


Twist [°] : 


90 


CCP-3F.F.F 


1 3. 00 % 


Vio[V]: 


1.70 


CCP-5F,F.F 


5.00 % 






CCZU-2-F 


5. 00 % 






CCZU-3-F 


13.00 % 






CCZU-4-F 


5.00 % 






CCZU-5-F 


5.00 % 






CH-33 


4.00 % 






CH-35 


3.00 % 






CH-43 


3.00 % 






CH-45 


3.00 % 






Example 44 








CCH-301 


13.00 % 


Clearing point: 


+86.0 X 


CCH-35 


6.00 % 


An [589 nm, 20 X]; 


+0.0615 


CCH-3CF3 


8.00 % 


d An [20 °C. ijm]- 


0.50 


CCP-2F.F.F 


13.00 % 


Twist [°]: 


90 


CCP-3F F.F 


1 7 00 % 


ViQ [V]: 


1.67 


CCP-5F F F 


8.00 % 






CCZU-2-F 


5.00 % 






CCZU-3-F 


10.00 % 






CCZU-5-F 


5.00 % 






CH-33 


4.00 % 






CH-35 


4.00 % 






CH-43 


3.00 % 






CH-45 


4.00 % 
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Example 45 



CCH-301 


1 2 00 % 


Cleoring points 


+84.0 "C 


CCH-35 


1 0.00 % 


An [589 nm, 20 "C]: 


+0-0602 


CCH-3CF3 


1 1 00 % 


d-dn [20 "C, prn]: 


0-50 


CCP-2F.F.F 


9.00 % 




90 


CCP-3F.F.F 


12 00 % 


V10 [V]: 


1. 66 


CCP-5F.F.F 


5.00 % 






CC2U-2-F 


5.00 % 






CCZU-3-F 


13.00 % 






CCZU-4-F 


5.00 % 






CCZU-5-F 


5.00 % 






CH-33 


4. 00 % 






CH-35 


3-00 % 






CH-43 


3-00 % 






CH-45 


3.00 % 






ExamDie 46 








CCH-301 


1 7. 00 % 


Clearing poirrt: 


+73-5 "C 


CCH-35 


10.00 % 


An [589 nm, 20 "C]: 


+0.0585 


CCH-3CF3 


1 1.00 % 


d An [20 °C, [jm]. 


0-50 


CCP-2F.F.F 


9.00 % 


Twist [°] : 


90 


CCP-3F F F 


1 2.00 % 


V10 [V]: 


1.59 


CCP-5F.F.F 


5.00 % 






CCZU-2-F 


5.00 % 






CCZU-3-F 


13.00 % 






CCZU-4-F 


5.00 % 






CCZU-5-F 


5.00 % 






CH-33 


3.00 % 






CH-35 


3.00 % 






CH-43 


2.00 % 
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Example 47 



CCH-301 


14.00 % 


S ^ N 


< -40 'C 


CCH-34 


4. 00 % 


Clearing point: 


+78.0 'C 


CC-5-V 


5.00 % 


An [589 nm, 20 'C]: 


+0.0601 


CCP-2F.F.F 


1 0.00 % 


Ae [kHz, 20 °C]: 


6.6 


CCP-3F.F.F 


12.00 % 


d-An [20 °C, pm]: 


0.50 


CCP-5F.F.F 


6.00 % 


Twist [°]: 


90 


CCZU-2-F 


5.00 % 


Vid[V]: 


1. 62 


CCZU-3-F 


16.00 % 






CCZU-5-F 


5.00 % 






CCP-2OCF3.F 


2.00 % 






ecu "^PP 


"U.UU % 






CH-33 


3.00 % 








3.00 % 








3.00 % 






CH-45 


2.00 % 






Example 48 








p ^ ui 0 n -1 


12.00 % 


Clearing point: 


+85.0 °C 




10-00 % 


An [589 nm, 20 "C]: 


+0.0602 




5.00 % 


d'An [20 ''C, jjm]- 


0.50 


r" P N KP cr 


5.00 % 


Twist [°] : 


90 


CCP-2F F F 


9.00 % 


Vto [V]; 


1. 72 


CCP-3F F F 








CCP-5F F F 


^5 00'^" 






CCZU-2-F 


5.00 % 






CCZU-3-F 


13.00 % 






CCZU-4-F 


5.00 % 






CCZU-5-F 


5.00 % 






CH-33 


4.00 % 






CH-35 


3.00 % 






CH-43 


3.00 % 






CH-45 


3.00 % 
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Example49 



CCH-3Q1 


8.00 % 


Clearing point: 


+83.5 


CCH-501 


5.00 % 


dn [589 nm, 20 X]: 


+0.0603 


CCH-35 


7. 00 % 


As [kHz. 20 'C]: 


+7.3 


CC-5-V 


3.00 % 


d-An [20 "C. ijm]: 


Q.50 


CCH-3CF3 


6.00 7o 


Twist [°] '. 


90 


CCH-5CF3 


5.00 % 


Vio[V]: 


1.72 


CCP-2F.F.F 


7.00 % 






CCP-3F.F.F 


8.00 % 






CCP-4F.F.F 


6.00 % 






CCP-5F.F.F 


5.00 % 






CCZU-2-F 


5.00 % 






CCZU-3-F 


8.00 % 






CCZU-4-F 


5.00 % 






CCZU-5-F 


5.00 % 






CCZG-2-0T 


5.00 % 






CH-33 


3.00 % 






CH-35 


3.00 % 






CH-43 


3.00 % 






CH-45 


3.00 % 






Example 50 








CCH-301 


5.00 % 


S->N 


< -30 


CH-33 


3.00 % 


Clearing point: 


+68.0 =C 


CH-35 


3.00 % 


An [589 nm, 20 °C]: 


+0.0602 


CCP-2F F F 


6.00 % 


As [kHz, 20 "C]: 


+10.3 


CCZU-2-F 


6.00 % 


71 [mPa-s, 20 'C]: 


161 


CCZU-3-F 


16.00 % 


d-An [20 X, pml; 


0.50 


CCZU-5-F 


6.00 % 


Twist [°]: 


90 


CDU-2-F 


10.00 % 


Vio(V]: 


1.22 


CDU-3-F 


12.00 % 






CDU-5-F 


8.00 % 
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CCH-3CF3 


9.00 % 






CCH-5CF3 


12.00 % 






CCPC-34 


4.00 % 






Example 51 








CH-33 


4.00 % 


• 

Clearing point: 


+74.0 °C 


CCP-2F.F.F 


10.00 % 




+0.0631 


CCP-3F.F.F 


2.00 % 


H An r9n "(^ 1 1 ml" 

Q-o.fl L^*-^ H'^'J* 


0.50 


CCZU-2-F 




Twist [°] : 


90 


CCZU-3-F 


0/ 


V 10 J- 


1.21 


CCZU-5-F 


'°'oo y 






CDU-2-F 


10.00 % 






CDU-3-F 


1 2.00 % 






CDU-5-F 


8.00 % 






CCH-3CF3 


9. 00 % 






CCH-5CF3 


12.00 % 






CCPC-33 


2.00 % 






CCPC-34 


3.00 % 






Example 52 








CH-33 




Clearing point- 


+69.0 °C 


n c c c 


/'°o °/ 


An r^RQ nm 20 °CV 


+0.0625 


UOr-Jr.r r 


4 00 °/ 


d-'in [20 "C, i-iml; 


0.50 


CCZU-2-F 


6.00 % 


Twist [°] : 


90 




16.00 % 


V.o[V]: 


1.16 




6 00 % 








9 00 % 






CDU-3-F 


11.00 % 






CDU-5-F 


7. 00 % 






CCH-3CF3 


10.00 % 






CCH-5CF3 


12.00 % 






CCPC-33 


2.00 % 






CCPC-34 


3.00 % 
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Example 53 





6.00 % 


S ^ N 


< -40 X 




3.00 % 




+75.0 X 


CCH-5CF J 


8.00 % 


An [589 nm, 20 °C]: 


+0. 0644 


CCP-2F F F 


1 1.00 % 


[kHz, 20 X]: 


+ 10.1 


CCP-3F.F F 


10.00 % 


d'An [20 °C, pm]. 


0.50 


CCP-5F.F F 


6.00 % 


Twist [°]: 


90 


CCP-2OCF3 F 


4.00 % 


Vtq [V]: 


1.34 


CCP-4OCF3 


8.00 % 






CDU-2-F 


1 0 00 % 






CDU-3-F 


10 00 °/ 






CDU-5-F 










4.00 % 














Examole 54 








CH 34 


5.00 % 


Clearing point: 


+80.0 'C 


CC 5 V 


8.00 % 


iin [539 nm. 20 X]: 


+0.0642 




6.00 % 


Ae [kHz, 20 'C] 


+7.8 


CCH-5CF3 


8.00 % 


d-An [20 X, ym]- 


0.50 


CCP-2F.F F 


11.00 % 


Twist [°] : 


90 


CCP-3F.F.F 


11.00 % 


V-g[V1: 


1.58 


CCP-5F.F.F 


6.00 % 






CCZU-2-F 


6.00% 






CCZU-3-F 


14.00 % 






CCZU-5-F 


5.00 % 






CCP-2OCF3.F 


8.00 % 






CCP-4OCF3 


4.00 % 






CCOC-4-3 


5.00 % 






CCOC-3-3 


2.00 % 
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Example 55 



CCH-34 


5. QO % 


S N 


< -40 "C 


CC-S-V 


8.00 % 


Clearing point: 


+80-5 "C 


CCH-3CF3 


6.00 % 


An [ooy nm, zu 


+0-0643 


CCH-5CF3 


a. 00 % 


As [kHz, 20 °G]: 


+7 8 


CCP-2F,F.F 


1 1.00 % 


d-An [20 °C, [jm]; 


0 50 


CCP-3F.F.F 


1 1. 00 % 


Twist [°]: 


90 


CCP-5F.F,F 


5-00 % 


V,o[V]: 


1.59 


CCZU-2-F 


5.00 % 






CCZU-3-F 


15.00 % 






CCZU-5-F 


5.00 % 






CCP-2OCF3.F 


8- 00 % 






CCP-4QCF3 


5.00 % 






CCOC-4-3 


5.00 % 






CCOC-3-3 


2.00 % 






Examole 56 








CCH-34 


5. 00 % 


S N 


< -40 °C 


CC-5-V 


6-00 % 


Clearing point: 


+80.0 ''C 


CCH-3CF3 


s.oo % 


ill! [UQ<7 lull, 


+0.0648 


CCH-5CF3 




Ac rwH7 9n "cv 


+8.0 


UL.r-4r .r .r 


i^"°o'y 


H.An fPn °C umV 


0-50 


CCP-3F F F 


11 '00 y 




90 


CCP-5F.F.F 


6.00 % 


Vio[V]; 


1.54 


CCP-2OCF3 F 


8-00 % 






CCP-5OCF3 F 


8.00 % 






CCP-4OCF3 


6-00 % 






CDU-2-F 


6.00 % 






CDU-3-F 


8.00 % 






CCOC-3-3 


4.00 % 






CCOC-4-3 


8.00 % 
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Examole 57 



CCH-34 


5.00 % 


S -> N 


< -40 °C 


CC-5-V 


6.00 % 




+80.5 


CCH-3CF3 


6 00 % 


As [kHz, 20 °C]: 


+7.9 


ov>-^n-o^— 3 


8.00 % 


Yi [mPa-s, 20 "C]: 


124 


CCP-2F.F.F 


1 1. 00 % 


d-dn [20 °C, pm]: 


0.50 


CCP-3F.F.F 


12.00 % 


Twist [°]: 


90 


CCP-5F.F.F 


5.00 % 


V,a[V]: 


1.56 


CCZU-2-F 


5.00 % 






CCZU-3-F 


15.00 % 






CCZU-5-F 


4.00 % 






CCP-2OCF3.F 


10-50 % 








6.50 % 






CCOC-4-3 


4.00 % 






CCOC-3-3 


2.00 % 
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CCH-301 


10.00 7o 


S -» N 


< -40 'C 


CCH-501 


9.00 % 


Clsaring point*. 


+95.5 X 


CCH-35 


5-00 % 


An [589 nm, 20 °C]: 


+0.0608 


CC-5-V 


1 2.00 % 


Via [V]: 


2.32 


CC-3-V1 


5.00 % 


d-i\n [20 °C, pm]: 


0.50 


CCH-3CF3 


4.00 % 




90 


CCH-5CF3 


5.00 % 






CCP-2F.F F 


6.00 % 






CDU-2-F 


6.00 % 






C0U-3-F 


8.00 % 






CCZU-3-F 


7.00 % 






CCPC-33 


4.00 % 






CCPC-34 


5.00 % 






CCPC-35 


4.00 % 
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CCOC-3-3 








CCOC-4-3 


5-00 % 






CCOC-3-5 


2 00 % 
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10.00 % 




< -40 °C 


CCH-501 




CleannQ point! 


+95.0 °C 


CCH-35 


5' 00 ^/ 




UDU / 


CC-5-V 


^5 00 7 


H An rOn^P iirrvl' 


0.50 


CC-3-V1 


'4 00 °/ 


Twist ["]: 




CCH-3CF3 


4 00 r 


V10 [Vj: 




CCH-5CF3 


4 00 3/ 






CCP-2F F.F 


7 00 °/ 






CDU-2-F 


7 00 % 






CDU-3-F 








CCZU-3-F 


6.00 % 






CCPC-33 


4.00 % 






CCPC-34 


5.00 % 






CCPC-35 


^.00 % 






CCOC-3-3 


3.00 % 






CCOC-4-3 


5.00 % 






CCOC-3-5 


2.00 % 
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CCH-301 


1 0. 00 % 


S — >■ N 




CCH-501 


1 1 00 % 


Clearing point: 




CCH-35 


5-00 % 


An [589 nm, 20 'C]: 


+0.0609 


CC-5-V 


9.00 % 


d-An [20 "C, [jm]: 


0.50 


CCH-3CF3 


4.00 % 


Twist [°]: 


90 


CCH-5CF3 


5.00 % 


V10 [V]: 


2.27 


CCP-2F,F.F 


6.00 % 






CDU-2-F 


6. 00 % 
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CDU-3-F 


8.00 % 






CCZU-3-F 


7. 00 % 






CCOC-3-3 


3.00 % 






CCOC-4-3 


5.00 % 






CCOC-3-5 


2 .00 % 






CCGC-3-3 


2.00 % 






CCGC-3-5 


3.00 % 






CGCC-2-3 


5 .00 % 






CGCC-2-5 


5.00 % 






CH-43 


3. 00 % 
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CCH-35 


5.00 % 


Clearing point: 


+95-0 °C 


CC-3-V1 


10.00 % 


An [589 nm, 20 "Cj: 


+0-0641 


CC-5-V 


1 8 .00 % 


Vio[VI: 


2.34 


CCH-3CF3 


8 .00 % 


d-An [20 "C, pm]: 


0.50 


CCH-5CF3 


10.00 % 


Twist [°]: 


90 


CCP-2F.F.F 


6.00 % 






CDU-2-F 


8.00 % 






CDU-3-F 


10.00 % 






CGCC-2-3 


5.00 % 






CGCC-2-5 


4.00 % 






CCGC-3-2 


5.00 % 






CCGC-3-5 


3.00 % 






CCOC-3-3 


3.00 % 






CCOC-4-3 


5.00 % 
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CCH-301 


9.00 % 


S N 


< -40 X 


CCH-501 


10.00 % 


Clearing point: 


+96.0 X 


CCH-35 


5.00 % 


An [589 nm, 20 'C]: 


+0.0615 


CC-5-V 


9.00 % 


V,q[V]: 


2.25 
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3.00 % 


d-An [20 'C, ym]: 


0. 50 


^ ^ Lj rr 


8.00 % 


Twist n: 


90 


D 'I cr c cr 
UL/h'-Zr-.t-.h 


8.00 % 






CDU-2-F 


8 .00 % 






CDU-3-F 


10.00 % 








3.00 % 






CCOC-4-3 


5 00 % 






CCOC-3-5 


2.00 % 






CCGC-3-2 


4.00 % 






CCGC-3-5 


3.00 % 








5.00 % 






CGCC-2-5 


5.00 % 






CH-43 


3.00 % 
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UUn-JU 1 


9.00 % 


S N 


< -40 "C 


^ t—i end 


9-00 % 


Clearing point: 


+95.0 X 


CCH-35 


5.00 % 


dn [589 nm, 20 °C]: 


+0.0608 


ccTvi 


14.00 % 


Vio[V]: 


2.26 




3 .00 % 


d-An [20 X, [jm]: 


0.50 




4.00 % 


Twist [°1: 


90 




5.00 % 






CCP-2F F F 


5.00 % 






CDU-2-F 


6.00 % 






DU-3-F 


7.00 % 






CCZU-3-F 


8.50 % 






CCZU-5-F 


3.00 % 






CCPC-33 


4.00 % 






CCPC-34 


4.00 % 






CCPC-35 


4.00 % 






CCOC-3-3 


3.00 % 






CCOC-4-3 


4.50 % 






CCOC-3-5 


2.00 % 
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7.00 % 


Clearing point: 


+83.0 °C 


ecu ^PF-, 


7.00 % 


An [589 nm, 20 °C]: 


+0-0639 




8-00 % 


Vio M- 


1.38 


CCP-2F F F 


6 .00 % 


d-An [20 "C, pm]: 


0 50 


CCP-3F F F 


6.00 % 


Twist [°]: 


90 


CCP-4F.F.F 








CCP-5F.F F 


6 GOV 






CCZU-2-F 


8.00 % 






CCZU-3-F 


10.00 % 






CCZU-4-F 


9.00 % 






CCZU-5-F 


8.00 % 






CCZG-3-0T 


5.00 % 






CCZG-5-0T 


5 00 % 






CCZG-2-OT 


5.00 % 






CH-33 


3 00 % 






CH-35 


2.00 % 
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CCH-3CF7 


4 00 °/ 


Clearing point: 


+80.5 °C 


CCH-SCF; 


4 00 °/ 


[ooa nm, zu 


+0 -064 1 


CCH-301 


10 00 y 


Vio [V]: 


1.39 


CCH-501 


1 Q.QO % 


u An [^u t-imj. 




CCP-2F,F F 


9 00 % 




90^*^ 


CCP-3F.F F 


6.00 % 






CCZU-3-F 


15.00 % 






CCZU-5-F 


6.00 % 






CDU-2-F 


10.00 % 






CDU-3-F 


9.00 % 






CDU-5-F 


7.00 % 






CCPC-33 


5.00 % 






CCPC-35 


5.00 % 
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CCH-3CF3 


4.00 % 


Clearing point: 


+75.0 


CCH-5CF3 




An [589 nm, 20 'C]: 


^-0.0633 


CCH-301 


1 G 00 % 


V10 [V]: 


1.34 


CCH-501 


lU-UU % 


d-An [20 "C, }jm]; 


0.50 


CCP-2F.F F 


9.00 % 


Twist [°]: 


90 


CCP-3F.F.F 


6.00 % 




CCZU-3-F 


15.00 % 






CCZU-5-F 


6 .00 % 






CDU-2-F 


10 00 % 






CDU-3-F 


9.00 % 






CDU-5-F 


7-00 % 






CPCC-2-2 


5.00 % 






CPCC-2-3 


5.00 % 






Exomple 67 








CCH-301 


4 00 °/ 


S — > N 


< -40 X 


CCH-501 


5 50 % 


Clearing point: 


+88.0 °C 


CCP-2F.F.F 


1 0.00 % 


iXn [589 nm, 20 "C]: 


+0.065Q 


CCP-3F.F,F 


^5 00 y 


ds [kHz, 20 ^C]: 


+8.2 


CCP-5F F F 




d-An [20 "C, jjm]; 


0.50 


CCZU-2-F 


4 00 % 


Twist [°]: 


90 


CCZU-3-F 


1 7 00 % 


Vio [V]: 


1.52 


CCZU-5-F 


4.00 % 






CCP-2OCF2 F.F 


3.00 % 






CCP-3OCF2 F F 


7.00 % 






CCP-5OCF2 F F 


7.00 % 






CH-33 


3.50 % 






CH-35 


3.00 % 






CH-43 


4.00 % 






CCH-3CF3 


6.00 % 






CCH-5CF3 


5.00 % 
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1 2 .00 % 


\^v_»rl-OU 1 


8.00 % 




8.00 % 


CCP-2F F F 


1 0.00 % 




12.00 % 


ppp =;p p p 

-J— . r , r 


5.00 % 


CCZU-2-F 


5.00 % 


CCzU-3-F 


17.00 % 


CCZU-5-F 


5 .00 % 


CH-33 


3.00 % 


CH-35 


3.00 % 


CH-43 


3 .00 % 


CCH-3CF3 


7.00 % 


CCPC-33 


2.00 % 



S -> N < -30 

Clearing point: +80.0 ""C 

An [589 nm, 20 X]: +0.0606 

Ae [kHz, 20 X]: +6.3 
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Patent Claims 

1. Liquid-crystalline medium based on a mixture of 
polar compounds of positive dielectric anisotropy, 
5 characterized in that it comprises one or more 

compounds of general formula I 




R is H, an alkyl or alkenyl radical having 

1 to 15 carbon atoms which is unsub- 
stituted, monosubstituted by CN or CF3 or 
at least monosubstituted by halogen, 
where one or more CH2 groups in these 
radicals may also, in each case 
independently of one another, be 

replaced by -O- , -S-, "''^^^^^^^ ' -CO- , 
-C0-0-, -0-CO- or -0-CO-O- in such a way 
that 0 atoms are not linked directly to 
one another, 

— (^^^ — is a trans-1, 4-cyclohexylene ring, in 

which, in addition, one or two CH2 groups 
may be replaced by -O- and/or -S-, or a 
cyclohexenylene ring, 

Y is halogenated alkyl, halogenated 

alkenyl, halogenated alkoxy or 

halogenated alkenyloxy having up to 6 
carbon atoms. 
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Z is -CH2O-, -OCH2-, -CH2CH2-, -CH=CH-, 

-CF2O-, -0C?2-, -C2F4- or a single bond, 
and 

5 n is 1 or 2 . 

2. Medium according to Claim 1, characterized in that 
it additionally comprises one or more compounds 
selected from the group consisting of the general 
10 formulae II to VIII: 






O V-x" 

V 
Y^ 

O )— X° VIII 



in which the individual radicals have the follow- 
ing meanings : 

R° : n-alkyl, oxaalkyl , fluoroalkyl or 

alkenyl, in each case having up to 7 
carbon atoms; 

X°: F, CI, halogenated alkyl, alkenyl or 

alkoxy having 1 to 6 carbon atoms; 

Z°: -C4H3-, -CF2O-, -OCF2-, -C2F4-, -CH2O-, 

-OCH2- or COO-; 

Y^, Y^, Y^ and Y^ : each, independently of one 
another, H or F 



Medium according to Claim 2, characterized in that 
the proportion of compounds of the formulae I to 
VIII in the mixture as a whole is at least 50% by 
weight . 



30 



Medium according to Claim 1 or 2 , characterized in 
that the proportion of compounds of the formula I 
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in the mixture as a whole is from 5 to 50% by 
weight . 

Medium according to at least one of Claims 2 to 3, 
characterized in that the proportion of compounds 
of the formulae II to VIII in the mixture as a 
whole is from 20 to 80% by weight. 

Medium, according to Claim 1, characterized in 
that it additionally comprises one or more 
compounds of the formula 



F 




in which R°, X° and are as defined in Claim 2. 

Medium according to Claim 2 or Claim 6, 
characterized in that X° is F or OCF3 , and is H 
or F. 

Medium according to one of Claims 1 to 7, 
characterized in that, in the compound of the 
formula I, Y is OCF3 or CF3 . 

Medium according to one of Claims 1 to 8, 
characterized in that the compound of the formula I 
is selected from the group consisting of the 
compounds la to In: 
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in which R is as defined in Claim 1. 

10. Use of the liquid-crystalline medium according to 
Claim 1 for electro-optical purposes. 

5 

11. Electro-optical liquid-crystal display containing 
a liquid-crystalline medium according to Claim 1. 



Abstract 

The invention relates to a liquid- crystalline medium 
based on a mixture of polar compounds of positive 
5 dielectric anisotropy, characterized in that it com- 
prises one or more compounds of the general formula I 



R 




■Y 



10 



in which R, 
Claim 1. 




y, 



Z and n are as defined in 
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